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CHANGES Y~ ~-STOLIC BLOOD PRESSURE DURI'!G ISOMETRIC / 4
CONTRACTIONS OF DIFFERENT SIZE MUSCL GROUPS -/

/

The systclic blood pressure responses to sustained 40% maximal
voluntary index finger adduction and handgrip contractions were
characterized for 21 male subjects. Using the systolic blood
pressure measurements and the corresponding times at which they
were taken, regression lines were cdlculated which illustrated
the changes in systolic pressure with respect to time. The slope
of the regression line representing the mean response to the
larger muscle mass (.287) was significantly steeper (p<.001)
than that for the smaller mass (.052). The literature reviewed
prior to conducting this study suggested that the systolic blood
pressure response to isometric exercise is devendent on percent
of maximal vdluntary strength and independent of the size of the
contracting muscle mass. The results of this study indicated
that the size of the contracting muscle mass does influence the
systolic blood pressure response to a sustained isometric

contraction.
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CHANGES IN SYSTOLIC BLOOD PRESSURE DURING ISOMETRIC
CONTRACTIONS OF DIFFERENT SIZE MUSCLE GROUPS

__*»The systolic blood pressure responses to sustained 40% maximal
voluntary index finger adduction and handgrip contractions were
characterized for 21 male subjects. Using the systolic blood
pressure measurements and the corresponding times at which they
were taken, regression lines were calculated which illustrated
the changes in systolic pressure with respect to time. The slope
of the regres;ion line representing the mean response to the
larger muscle mass (.287) was significantly steeper (p<.00l)
than that for the smaller mass (.052). The literature reviewed 1
prior to conducting this study suggested that the systolic blood ;
pressure response to isometric exercise is dependent on percent
of maximal vdluntary strength and independent of the size of the
contracting muscle mass. The results of this study indicated
that the size of the contracting muscle mass does influence the
systolic blood pressure response to a sustained isometric
contraction.
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CHAPTTR 7

TNTRODUCTION

Rackaround of zhe Stuly

Sinc2 manvy of our daily activities contain elemarn<s
of an Isometric rnmature, for example, holding a box while
li€¢+iprg i+, brushing our +ee+l, combirg our kair; our
cardiovascular system must routinely adaot and furc+ion
during these stresses, DeVries(d) and lind (8,9,17) have
demonstrated that the pressor resporse during activities
corntaining bto*h rhy+thkmic and static components is
primarily goverred by the isome*r:ic componen*.
Craracteristic cardicvascular responses to s+tatic
contractions are (1) substantial rises in both systolic
ard diastolic blood pressures, (2) small changes 2n hear*
rate, and (?) winimel, if any, changes in *he peripheral
vascular resistance(3)., The moni*oring o€ the heart rate
is not the pos* alaquate means of assessing the cardiac

stress o0f an exercise con*taining an isome*ric component

since *he pressure lcad imposed on the hear+, demonstrated

by chang2s in *he systolic and dias<olic bhlood pressures,

is more signi“ican+ than the exercise tachycardia.
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Cardiac e<for* or myccardial oxygen cost during exercise
(YGOZ\ can b= most accuratelv predicted using the
pressure-cate product (hear*t rate times systolic blood
pressurs) (2,9,13). Havina an accura*te a2ssessment of the
pressure load, as irdicated bv *he systolic blood
prassure, imposed upon the myccardium by *he isometric
comporarts of an sxercise proagram would be valuable for
evercise prescription and activities of daily living (aADL)
counseling following myocardial infarc+ion,

“nvestigations conducted by Donald(1), Lind(2), and a
Teviaw 0° literature by Nutter(3) state +hat the blood
PresSsure resobonse to an isom=tric con*raction is governed
by tvo factors: (1) +he intensi+y of the isometric
contraction, and (2) the dura*icn of the contraction.
¢+udi=s by Donald(1), Lind(2), DeVries(8), Pisher (5), and
Hanphrays (6), have showrn a positive relationship hetween
**e percen*t of th= maximal voluntary cortraction (MVC) and
“te magnitude of <he systolic blocd pressure observed
durirg +ke con*raction. 1Mstrand(7), Lind(2,8,9), and
Nevri=s (4) conclude from +heir studies that th2 systolic
blood pressure resoporse Jurinrg an isome*ric contraction is
det2rmined no* by “he size of the contracting muscle mass,
bu« by its relative groportion of MVC, This assumption ic

plausible considering *heir data; however, Mclloskey(10},

T G
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using eplactrical stimulation, demonstratad on anesthetize?l
doos and cats tha“~ the size of the contractiny muscle did
irfluence *he magnitude nf the pressor response.

2ltrough Lind (8,9, Humphreys(6é), and Mclloskey(10)
all staze *hat the crange in systolic blood pressure is
provortional +*o tha percentage MVC of +he isometric
cortraction, therz is no agreement amonga *hem as to how
much charge will occur at a givern percent MVC., All *%ree
0f these investigators studied a relatively small number
o subjectes: Lind, ten subjects in one study(8), four in
*he othar (9); Yumohreys, four subiects(€); McCloskey, ten
subjects (10). None cf +the investigators attempted to
control nor did they mentiorn how they compensated for the
contribution of the accessory muscle ac*ivity “o *he blood

pressure response observed in 4te individual studies.

0

With *he =2xcep*ion of McCloskey (10) who use2d arterial
cathzterization, blood pressucze was measured by
auscultatior, using a pressure cuff and stethascope. Due
to *he pbsychological and ohysislogical changes that cause
€atigue, it is di“ficul* to s*udy absclute systolic blood

pressure values mecasured indirec%ly at isometric “ensions

‘Q

reates than 50% MVC due to the relatively short duration
0f tke con*raction, Althougk +hese studies and

nthers(2,11,12,34) have described pressor responses of

"




di€fer=n% muscle groups at various percentages of MVC, no

lite

te

'3 4

ature is available which tested the statistical

o

nif€icance of differences betweer *he characterized

<
b

‘Q

respornses of larg2 ard small muscles. Previous s+tudies
hzve rot utilized sufficiently large numbers of subiects
or valid <echnigues cf measuring blood prassure. Nor have
previous <tudies eliminated or accounted £or accessory

mu

n

cle ac*ivi+y whichk could have contributa2d zo the
obsarved blood pressure resporses, Thus, an objective
investiga*ion of the systel.c blood pressure response to
isomatric contractions of different size muscle grouvs,

whick would minimize the criticisms of *he above mentioned

1]

he purpose of this study was *0 investigate +he

dif<e

[ ]

ance be*ween the systolic blood pressure resoonses
to *wo different size muscle masses contracting a+ a knowr
percentags of maximum veluntary s+treng*h., Specifically,
this study comparsd slopes and intercepts of :he
regression lines derived frcem systolic blood pressure
resporses during sustained contractions of *wo differant

eiz» muscle groups ccrtracting a+ 40% MvVC,

"W
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Limitations_of the_Study

Cer*air factors which can be considered as

limit=2%ions *o this study irclude:

") The inability “o measure precisely the size of +he
cortracting muscle mass.

2) Irability “o0 completely assess or e€liminate syner-
gistic and/or co-contracting muscle activity.

3) Vvalidi+y o maximum tension measured as actually beinc

*h> maximum t=nsion ossible for the individual
p
subiec+s,

8y ~te osvchological and physioclogicel fatigue factors

+ractions.

5) 1 population limi*ed “o normal males be“*wean the ages

€ 20 and 33 vears.

£y "h

(D]

use of an int2rmi“ten* noninvasive rather than
2 cortinuous invasive technigue for measuring

blood vressure,

e b W G P

' influenciag the duration of the isometric con-

B ‘%,-&.ﬁf“.

.
<

MY




G g emd Sud Omw S omn S NN D BN B B D D e = s

Refipi<ion _of Terms
Muscle Mass. The amoun* of muscle *issua in +he

mu=cle or muscle croup producing ¢he specific isometric
contractiorn,

Fatigue Contraction. The sustained contractions of

the two different siz2 muscle groups performed until a
cu*-0ff critereon is observed.

aximal Isometric_Tersion. Mean value of three brief
maximal isometric contrac+ions each of 3 caconds duration
ard with ? minute res* be+ween contractiors,

Cut-off Critsricn_£or Muscle Tepsion. Isometric

muscle tension during 2 sustained contrac*ion which was
1C% less *han the designated u40* +ensior,

Maximal Accessory Muscle Activity., Level of

irtegrated IMG activity recorded from surface electrodes

cver +*he most likal

<

synergistic and/or co-contractina
muscles durinag a 700% MVC of *he specific accessory

muscles,

Cut-off Critaricn_for Accessory Muscle Activity.
Trtearated 7TMG ac*ivity recorded from surface electrodes
over the most likely synergis+tic and/or co-contracting
muscle, which does not exceed 10" of 4te maximal accessorv

activi+y,
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CHAPTTR IT

PYVIEW OF LITEPATORE

"his chapter pbresen*s a reviesw of li‘erature
pertinent to the measurement of isome+ric strength and
erdurance and a thorough reviaw of litera*ure relevant to

+he blood pressure response +o0 iscmetric exercises.

Strengzk ard Isometric Tndurance_Measurements

r his book on work and fatigue(15), Simonson
identifies some of *+%e physiclogical and psychological
factors *o consider when measuring maximal isometric
muscle strength and submaximal iscmetric endurance
contractions, Investigators studying the relationship

between isometric s

o+

rength and iscmetric endurance have
calculated test-retest correlation coefficients (r) as an
indica*ion 0f the reliability of +heir measurements.
Carlson (16,17) ob*ained r values, indicative of his
be+ween day reproducibility, of .95 and .f0 to .6R for
maximal isome*ric strength and sutmaximel isometric
endurance, respec*ively, iIn a s*udy usirg hardgrip as +he

isome+ric contraction ard be*ween day r values of .94 anéd




.48 *o .72 for strength and endurance, respectively, in a
ctudy utilizing the 21bow €£lexors. Heyward(18) studied
handgrip s<rength and endurance and obtained between day
test-ret=st r values of .92 +to .98 for 100% MVC strength
ard .65 to .88 for endurance. While testing the validitv
0f a dynomezar to measure isometric strength of the
Intrinpsic muscles of “he hand, less(19) obtained a test-

retast r va;ae o0f .89 *to .94 for adduction of the index

n
'
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Blood_Pressure_ Eesponse_tc Isometric Fxercise

Pl+hough Gas¥kel1l(27), as early as 1877, and
frant (21), Clark, e+ al. {(22), and Tut%le and Horvath(23)
in la*er years had described som2 of the physiological
ctanges that occur in the cardiovascular system during
exercise, iz was rot until +the mid~19€0's thar studies
were conducted that specifically evaluated the
cardiovascular changes as thev relate tc sustained
isometric con<raction. In comtrast *o dynamic exercise
which charac%eris+ically manifests i*self with a marked
ircrease in both “eart rate and cardiac output, and a
decrease in total vascular resistance, sucstained isomestric
exercise is manifssted by rapid increases in systolic and,

+*o a lessar dearee, diastolic arterial blood pressure,




| ]

e g ey

T p—y

\©

less dramatic increases in heart rate and cardiac output,
a~d lit+*le, if anv, increase in *otal systemic vascular
resistance (),

Zr 1963 Yumphreys and Lind (6) published the results
0° *te firs* investiga*ion which studied +“he relationship
be*ween intramuscular pressure and perfusion pressure of
+te blood a+t different percen+tages of maximal voluntary
corntTaction (MVQ). ¥lo00d flow *o *the active muscles in
*+he Sorsarm was measured 3during repeated 30, 40, 50, 50,
ard 70% MYC kandgrip contractions of four healthy middle
aged male subjects, The contrectiongs wer: maintained until
fetigue, Tatigue was defined as *he instant at whica the
specified *ension could no longer be maintained, and
measured to +he nearest second. Forearm blood flow
measurements were taken orior, during, and pos*t exercise.
Recause o0 possibly inaccura*e measurements at 70% MVC,
onlv the data collected a* the lower tensions were
preser*ed for discussion. Using bipolar needles to
determine +*he ",,..functional anatomy of the forearm
muscles during the contractions...", the prime movers were
defined as +t%o extansor carpi radialis, flexor digitorunm
sublimis, and *he flexor digitorum profundus. There was
no electromyographic evidence of activity from the flexor

carol radialis or “he flexor carvi ulraris. Blood pressure

o SR B
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vas measured by auscultation con tlte opposite arm prior,

during, and post contractior.

%+ =211 *ensions, there was a 10-20 mwHg rise in
svs*o2lic blood pr=ssure during +he first 10-15 seconds of
the isometric con*ractiorn and the observed systolic blood
pressure a+*+ fatigae in all cases ranged from 170-190 mmHo.
Since blood flow, and not blood pressure, was the maior
irvestigative fac*or, *here was a relative paucity of data

and discussion related to “he blocd pressure changes.

Humphreys and Lind cencluded that the blood flow directed

toward *he active muscles was increased a+t all relative
submaximal tensions inves*igeted, but thers was a gradual
increase of *he intramuscular pressure of the contracting
muscles as the parcent of MVC increased from 30-70% suctk
*hat at 70" MVC the intramuscular pressure exceeded the
perusion oressurs of the blood and +tte flow -0 the active

muscles was complately occluded. 1In light of this face,

(B

+ ie¢ reasonable *o assume that *the observed increase in

systolic blood pr=2ssure was *he body's atta2mpt to maintair
adeguate blood flow *o *ke active muscles in spite of the
increasinrg intramuscular pressure.

Zr 1964, 1ind, e* al.(2), publisked *he results of ar
inves+tiga<ion designed to look a* the changes in aortic

blood pressure, heart rate, cardiac output, and blood flow
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durinag isometric handgrip con+rac*ions of varying relative
iptensities, Msing feour <ubdects, data was obtained from
10 and 20% MVC each leld for © minu*es and a 50%
contrac+ior held *o fatigue (1 mirute for two subiects, 2
miautes for *he o*her *wo), being defined as the instant
2* which the subject could no longer maintain the
contrac*ion. During zthe 10% MVC there was an average mear
aortic blood pressure (diastolic + 1/3 pulse pressure)
increase of 10 mm¥ag and 7 bee*s/min in heart rate. rThe
mean aortic pressure and hear* rate of three of tkLe four
subiec*s remeinad in a steadv s*ate condition during *the
firal 2 minutas 0f thke cortraction period. The mean
aortic pressure and heart rate had returned *o resting
vzlues wi+hin 30 seccnds following release of the
contrac*ion. All “our subiec*s showed a continuous
increase in bo*h mear aor+ic pressure and heart ra+te, 22
mmHa and 2 beats/min respectively, during the 20% MVC,
mhesz *wo parameters again re*urred to resting values
within a short time, 1 minute, following release of the
contraction., The average increases In mean aortic
oressure and heart rate for all four subjects a+ 1 minute
were U0 mmHg and 48 bea*ts/min respectively during the 50%
MYC, On2 minute was *he fa+igue point for two of the

subjects, but the other two subiacts maintained this




con*raction for 2 mirutes. CThe fatigue values for these

*wo cubiects were increases of 57 mmHg for mean aortic

pressure and 57 beats/min. for heart rate. Whether held f

for ® minu*e o- 2 mirutes, the mean aortic pressure and

heart rate bo*h rsturned *o normal condi*+ions within 1

minute following cessaticn of the contractior, These

au=-hors acknowledged <lre fact f+ha< extraneous muscle
ac*ivi+y during +h2 sus*ained contractions was vpossible,
but £2ailed to coasider +his in 4iscussing “hke obtained
daza, Thev conclud2d tha*t tke pressor response to an
isometric contractior was gcverned by the relative tensior
0f the con+*racting muscle mass.

s 2 follow-up *o some of his previous work(?), Llind,
e+ al.(24) conducted “wo series of experiments designed %o
look at the resporses to non-fatiguing, which he defined
as beirg less +han 1%% MvC, and fatiguing, which he

defined as being areater than 15% MVC, isometric

contractions., The first series compared *he
cardiovascular rasponses during *he sustained isometric
contractions; *he second seriss investiga+2d the effects
of arterial occlusion on the post-exsrcise hyperaenmia.
Tesing nin=2 subiects, *be investigators observed blood
pressure, via auscultatiorn everyvy rinute pre- and post-

exercise and evecrv 3( seconds during contraction usina a

MY




microphone stathoscope, and hear< rate durirag four 3
minute con*tractiors at %, 1C, 15, and 20% MVC each, MData
wvas ob*ained from 2 20% MVC scparately to 2nsure +hat the
cardiovascular changss obsarved were not influenced by the
pr=vioué corntractions,

Tn all iInstarces, a steady sta*e sys*olic blood
pressure and hear* ra*e was achieved earlv in *he 5 and
0% MYT and mainta2ined throuotoutr the remairder of <the 3
minute contraction. There was a con*irnuous rise of both
blood prassure and heart rate +krcughout “he entire 2

minutes durinag all centractiors greater “han 15% MVC, Tts

-

[
<
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m

‘Q

e increments of change for “he four subjects for

each 3 minute con“trac+ion were:

Parcen- Blood Pressure Haart Rate
MvC (in mmHEqg) (beats/min)
Systolic/Diastolic
) 10/8 ]
10 12/12 6
15 u/13 g
20 18/1€ 11
20 27723 26

“he authors failed %+c discuss +he rates o< change observed
in these parameters, ®Roth blood pressure and heart rate

always re*urned to ncrmal values within 1 minute follewirc

releass of *he cortractior. Racsed on +he da*a from this
investigation and previous studies, these invastigators

conclnded that at %ensions less thar 15Y MVC, the

e RS, e ST D Y Srasine . W et RO e
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cardiovascular syster was able “o mairtain an adequate
blood suoply %o the active muscles for an indzfinite
period of *ime, but at tensions greater than 15% MVC,

fatigu» was inevi<able due *o an insufficient blood

v ey St et el GRAL QAo T B ARt Y

supplv. The bloo? flow to ths active tissue, and
trerefore +*he dura*icn o€ the cortraction, was dependent
or the relative t=ancsion o€ the cortracting muscle mass.
1ind ard McNicol(9) nex* set out to investigate <he
cardiovascular chances “o isome+ric con*ractions performed

in comhination with otter exsrcisas, both dynamic and

3,

i v T i (A AP AINOR  % h

static, Using four subdjec*ts, 20% handogrip (£ minute

Q

duration), 20% (2.5 minv*+es), and 50% (about 1 minute;
nntil fatigus) MVCs were each performed during +treadmill
walking at *hroe Aifferen+t work rates (1.1, 1.7, 2nd 2.8
l1/min). Svetolic blood pressure was measur=3 at 30 second
intervals via auscul*a+ion z2nd hear* ra*e was monitored

via 2 continruous LG, Ro*h 07 +these parameters showed a

contirgyous riss durirg each isome<ric contraction period.

3l1+housh absolute values differed, increments of change
were <similar (systolic blcod pressure increassd 30 mm¥a,
46 mm¥3y, ard 45 mmdg, a+t 20, 30, and S0% MVC respsctively)
for all workloads.

3gain using *he same four subiects, the

cardiovascular changes were observed when there was an
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isome*ric con*rac+*ion of *he righ+ hard alone, right hip
fl2xors alore, and **e right tip flexors simul*aneously a*
identical rela*iv: *tensions during each set of
cortrac*ions, Increments of chandge in ho+*h heart ra*e ané
svystclic blood pressure were similar for all combinations
of contrac*tions at each of the intensities investigated
(2¢, 30, 50% MVC). <cimilarlv, using control handarip
con*tractions of 17 and 20% ¥VC, the preceding combima*ion
0® contrac*ions were simultan=ously verformed at 20 and
LQ% MVZ resvectively, Observed increments of chanage were
similar to *hose observed during “he previous sets of
isometric contrac*iors,

Ryced or “hese “‘ndings, the authors concluded *hat:
('Y *ke incr2ase iIn blcod prassure resulting from an
igsom=2tric contrac*ion performed during a steady-s+ate
dvramic exercise will no% be influenced by the dynamic

component; *h2 amourt of change will be the same as if tte

som2%ric contractiors ware performaed without the dynamic
exercise, (2) the pressor resvonse resulting from two or
mor2 simul<areous iscmetric contractions will be regulated
kv *he con+raction 2% the highest percern+ MVC, and (3)
durirng an isometric contraction, the magnituds of change
in blood pressure is 3ependen* on thre pbercent MVC of *he

contracting muscle regardless of *he mass involved. Thay
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do hypothasize, though, t*at "...there mav be a lower

n

limi* o
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D

masc mess whichk elici*s +the responsz...".

1:nd ard McNicol, cornceding *o *he fact <lkat alttouatk
*ke cardiovascular resporses observed in the previously
described s+udies may have been correct, these changes had
beer produced under contrclled, arti€icial envirornmental
condi+ions and it was possible that idertical changes
wo1ld not cccur in a situatior whichk more closely
simula“ed deilvy activities., This was *he basis behind the
design of their next study(8). While s*anding, ten right
*anded subdects L:zud @ 20 kg woicht for 2.5 minutes in the
righ* hand elone, in the lef+ harnd 2lone, and in eaclt hard
simultaneously, Blood pra2ssur= was measured at 30 second
irtervals via auscualtition using a microphone stethoscope
ard heart rezte was mcni+ored cortinuously by ECG. 2All ter
subiects showed identical pa**erns of resovonse:
contirously ipcreasing systolic and diastolic blood
pressures and heart rate during the con*ractions, all
t*ree o0f which guickly returned *+o normal values following
release of the contractior, The average mean blood

oressure (diastolic + 1/3 pulcse pressure) increase to

1

helding *he weight ip *the lef* hand alone or in each hand
simultaneously was U8 mmHg, while the corresponding value

for the righk* han? was only 3% mmHg. Hea.t rate increases
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were 22 and 19 be2*s/min respectively. Fach subject thern
lifted 40 ka in a specially desioned shoulder harness.
The heart+ rat2 and mean blood pressure showed initijal
Increases of 6 beats/min and 23 mmHg, respectively, which
were <her maintained constant un*il “ke weight was
released, Rased on corclusions from previous
inves+igatiors(5,9) this exercise was defined as a non-

€a+

)

quing contrac*ion.

de demonstra*ed by heclding dif€ferent amounts of
weigh+, when a non-fatiguing weight was held in eithe:
hand alone, in bo*h hands simultaneously, or carried im
t+he shoulder harness, boeth +he mean blocd pressurs and
heart rat2 platzaunued and remained constant throughout the
remairder of the exercisre, whereas during an exerciss
involving a fatigning amount of weight bo¢h *he sta+a2d
parame<ers mainrtained a constan* increase throughcut *<he
entire exercise bou*, Using *hese patterns of response as
a guide, stre+cher carcving hy hand was identified as a
fa*tiguing exercise but when carried by the shoulder
harness was ron-fatiguing. T4%is investigation,
demornstrating the d:fferent pa*terns of cardiovascular
response *o fatiguing and non-fatiguing contractiens(5,9),

lends suvport to *he suvposition that the pressor response

is dz*2rmired primarily by the muscle group isometrically

2ot
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cortracting z* the highes* percer+ “VC during a physical

activity,

While investigating fatigue due to isometric
contractiors, Funderburk, €+ al, (25) used handgrip
con*ractions of 27, U0, and 0% MVC to produce fatigue,
~heir da*a showed thatr for all +hree relative tencions,
the pa*+terns of r=sperse *o cnarges in blood pressure and
absolute m2an blood pressure (diastolic + 1/3 pulse
pressure) obtained were all very similar, but that %he
rates of change were more abrupt at *he higher relative
tensions. The higher vercertage MVC also caused a larger

heart -ate increase. The resul+s from *his investiga*ion

suppor+2d +he assumption that blood pressure charaes

resul-ing “rom an iscmetric exercise are due to a reflex
stimula*ion derived from a chemical response, most likely
accumula+icr of potassium ions in the muscle, but that

*here is a cen“ral nervous system stimulus governing +the

ncrease ir +*he heart rate,

¥cZlosk2y and S+retfield(10) used both animal and

B

human subiects for +heir investigation of the muscle
reflex stinmulation tc *he cardiovascular system during
isome+ric contractions., "sing anaesthetized dogs and
ca*s, they s*imulated *he vertral roots o€ th2 hind limbs

while observing the blocd pressure and heart rate changas.
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Rlood pressure chznges *o bil2teral hind limb stimula+ion
(ranaing from 20-57 mmHq) was areater ttar +<h=2
corresponrding ranss (10-35 mm¥qg), for urilateral
s+ipulation In 13 0of the 15 z2ripals,

Msing 10 human subiects, the muscle ra2flex stimulus
wes studie? bv comparing *he post-exercise occlusion blood
pressure values to those ob*tained during the last 15
seconds 2 a 1 %0 1.% mirute 40% MVC of *wo different size
muscle masses, those oroducing handgrip and *hose
oroducing a *riggsr pull of *ke lit+le finger. During tte
hardgrip contraction =te systolic blood pressure values
ranged from 140-1°0 mmHg while ‘he raspective small mass
value ranged €rom 148-192 mm¥o. Durirg *+he 1 to 1.5
minute post-exercise occlusion period, there was an
initiel drop of <he svstolic blood pressure, but it
r2maired at 2 pressure higher ttan res+*ing throughout the
entire period. For each subiec+*, the post-exsrcise
ccclusion pressure was higher for handgrip than for <+he
small mass con*racticn. The authors concluded that, while
+he resul+s coincided with findings of other investigators
that +he to*al presscr respornse Is proportionral to the
vercentage of MVC ob*tained in *h= isometrically

contracting muscle(2,6,8,9,17y, the muscle reflex

. - LD S L e A Nl cormd W 4 3 AT AT i




componan* of this response will vary according *o the size

0€ the contrac*ing muscle mass.

This chapter discussed tht2 test-retest correlation
coefficients for rapeated MVC and isometric endurarnce
cortractions obtained during previous s*udies, Also
preserted were thorough rsviews o€ s+tudies which have
irvestigated the blocd pressure response *o sustained
isome+*ric con*rac+iors., PBasic concepts derived €rom *hess
studies ace: 1) a* :sometric tensions less “han 15% MVC
the systolic hlood pressure will show an ini*tial increase
in rasponse *o th> contraction, “hen remain at steady
state until +he contraction is terminated, 2) at tensions
greater then 15% MVC +here will he a continuous incra2ase
in *he svstolic blood pressure throughout +he entire
duration of +he isome<ric contractien, 3) there appears to
be a posi*ive correle*ion between th2 rate of change in
svetolic blood przssure and percant MVC, and 4) the
svstolic blood pressure response is believed to be
resgulated by the varcent maximal voluntary strength at

which “he muscle is contracting and is independen+ of the

‘n
t

ze of the isome*rically contrac*ing muscle mass.
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The m=z+%01s used to monrni*or and characterize the
blool prescsu-2a resporses in %'e preceding studies varied.
2lood pra2ssures were measured ei+her by auscultation or by
arterizl or 2or+tic cetterizatiorn. There was no

standardized proc2dure for presen+

(W

ng tke results of *+hess
studi=ss, Plood pressurses were presented as peripheral
systolic blood pressures, mear (diastolic + 1/3 pulse
pressuce) blood pressures, and mean aortic blood
pressures, "Th2 chang2s in blood pressure were expressed
€ith=t as absclute values or ircrements of change par unit
timz, bu* no *wo s+tudi2s used “he same time intervals for
expressing *heir resgective results,

T2 issue o0f the reproducibili+ty or reliability of
*he methods used *» monitor blood pressure was no*
discussed in any 0f the studies. All of thnese studies
used relativaly small numbers of subjects., These studies
failed to =limina*2 or consider the potential
contributions of accessory muscle activity +o0 <he observed

blood pressur= resporse,
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CHAPTER IIX

PROCELURE FOR OBTAINING DATA

Subiects

Subjects for this study were 21 males between the
ages of 20 and 35 years. Potential subjects were screened
via a medical history form (Appendix A) which was reviewed
by a physician. A resting systolic blood pressure in
excess of 130 mmHg excluded an individual from

participating in the study.

Eguipeent

Becorder. A Beckman eight-channel type R recorder
(Figure 1) was used to prcduce a permanent record with a
coamon time scale of all parameters being measured. The
handgrip and index f£inger adduction dynometers were
coupled to the recorder through type 9803 strain gage
couplers. The systolic blood pressure signal was recorded
using a type 98632 indirect blood pressure coupler. A
type 9608A A-C coupler was used to produce the doppler
blood flow signals. EMG signals were transformed using

type 9852A direct-average EMG coufplers. Each of the
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courlers was conanected to a type 481B preamplifier and a
type 482 amplifier (Figure 2).

Blood pressure_egquipment. The system for measuring
systolic blood pressure (Figures 3,4,5 excluding recorder)
consisted of (1) the Beckman type R chart recorder, (2) a
Beckman 9863A indirect blood pressure coupler, (3) an
automated Godart (model 15100A) non-invasive blood
pressure monitor, (4) a 23.75 x 5.5 inch sphygmomanometer
arm cuff, (5) a Korotkoff sound microphone (a component of
a Sphygmostat Model B-350 blood pressure monitoring system
from Technical Resources Incorporated), (6) a model 802-2A
Parker Electronic Latoratcry Doppler ultrasonic blood flow
mcnitor, and (7) a Beckman 9608 A A-C coupler.

The Korotkoff microphcne was placed over the brachial
artery of the non-exercising arma. The Korotkoff sounds,
superimposed on the pressure curve tracing from the arm
cuff, vere recorded cn channel 3 of the recorder.

Using Parker Labtoratories Aquasonic 100 transsission
gel for the coupling medium, the Coppler transducer probe,
consisting primarily of two piezoelectric crystals,
transmitted the blood flow signals from the radial artery
of the non-exercising arm to the electronic control unit

and amplifier. The signals were then coupled through the
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A-C coupler to produce a signal record on channel 4 of the
recor der.

Force_measuring egujpment. The system for measuring
the force during index finger adduction (FPigure 6)
consisted of a platform with stabilizing dowvels, padding,
strap and an "O" ring force transducer which was coupled
to the recorder through a type 9803 Beckman strain gage
and recorded on chanrel 1 of the chart record. &
turnbuckle was used tetween the “O" ring and a stationary
post to allow for adjustments needed to standardize the
position of the index finger during isometric
ccntractions,

The force produced during the handgrip was monitored
using the dynamometer pictured in Figure 7. This fcrce
was recorded on chanrel 2 of the recorder. The "O" ring
and finger bar were suspended between the vertical
uprights and the distance between the finger bar and the
upright to which it was attached was adfustable via the
turnbuckle connecting the "C" ring to the distal vertical
apright. This was necessary to be able to standardize the
rosition of the fingers during the isometric power grip.

The force transducers were calibrated prior to

beginning the study and again each day prior to data

collection., The smaller "O" ring was calitrated to
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3,000gm (6.61 lbs) and was checked each day using at least
three weights to verify its accuracy. The large "O" ring
was calibrated to 165.5 lbs and was similarly checked for
accuracy daily. 1All wveights used for calibration were
verified on scales meeting #.S. standard veights and
measures certificaticn. A more detailed description of
the calibration procedure and the data resulting frcm the
original calibration procedure for each transducer are
found in Appendix B.

EMG _egujipment. Surface EMG activity was recorded
using Beckman #21471Z silver/silver chloride electrcdes
having an electrode size of 11 ma diameter actual pick up
diameter of 2.5 mam, Using the 9852A direct-average ENG
couplers, the surface EMG activity was recorded on

channels 5-8 of the recorder.

Hethod

The tvo exercises selected to represent the different
size muscle masses were index finger adduction and
handgrip. Although cther investigators have used other
auscle functions to represent a relatively small muscle
mass (9, 10, 26) it was determined through pilot ENG work
that index finger adduction was the smallest, most

dexterous auscle function that produced the least asount
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of extraneocus muscle activity that our subjects would te
able to perform. This acticn is performed by the first
volar interossei (27,28,29,30). A very functional,
natural movement, the handgrip was selected as our
Telatively large muscle mass. The prime movers and
stabilizers of tais activity are the flexor digitorium
superficialis and profundus, extensor carpi radialis,
opponens pollicis, flexor pollicis longus and brevis,
abductor pollicis longus, and adductor pollicis (27,28).
Using the estimated 40% MVC for each of the twc
exercises obtained ir the initial session, a 40% MVC
fatigue contraction c¢f each exercise was performed during
each of two succeeding sessions. Systolic blood pressures
vwere measured prior to the start of the fatigue
contractions and approximately every 20 seccnds during the
contractions. When it wvas evident that: 1) the subject
could no longer hold the designated 40% tension or 2) that
the accessory EMG activity was above the 10X cut-off
level, the sustained contraction was terminated.
Following each 40% fatigue contraction, maximal ENG
activity of the accessory muscles and 100% BMVC of the
isometric contraction vere determined. 7The subjects

performed a maximal voluntary strength determination for
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each of the two different size muscle groups during the
final session.

Zndex fipger adduction.The subject was seated in a I

chair next to the dynamometer with his arm in 30-459 of

abduction and 0° flexion and his elbow flexed 909, The
foreara and hand were staltilized in the dynamometer as

!
illustrated in Piqure 8, and the finger ring wvas placed on ;

the index finger such that the proximal edge of the ring
vas even with the distal interphalangeal (DIP) 3Jjoint 1line. g
The turnbuckle between the "O" ring and the post was then -

adjusted to position the index finger in 15° of abduction.

A o

At the given signal, the subject performed an isometric f
contraction pulling against the force transducer. ;

Hapdgrip. The subject was seated in the chair besigde
the dynamometer such that his arm was in neutral position
in the sagital plane, abducted 30-459, and the elbow

flexed 80-90°, He then gripped the finger bar and

A Dbt sy

proxisal stabilizing post. The distance between the bar
and post vas adjusted, follcwing trial contractions, to a

distance that the subtject said vas most comfortable(Pigure

9). At the given signal, the subject performed an

isometric power handgrip.

Systolic blood pressure. The accuracy of the

indirect blood pressure monitoring systeam was tested via

prres: TR
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the auscultatory method using a stethoscope and a mercury
manometer (Appendix C), Frior to each experimental
session, the Beckman pressure transducer system chart
output wvas calibrated with the Beckman anaeroid gauge.
Using 200 mmHg as four centimeters deflection on the chart
paper, the system was calibrated by progressively
increasing and decreasing the cuff pressure through the
full range (0 to 200 mmHg).

The first distinct, sharp spike was indicative of
blood passing through the artery under the pressure cuff
and was therefore judged to represent the systolic blood
bressure from the brachial artery. If the first Korotkoff
spike was questionable, signals produced from the Doppler
blood flow transducer were used to decide which Korctkoff
signal was valid. During the initial validation of the
blood pressure monitoring system, it was determined that
the Korotkoff signal prior to the initial Doppler signal
was indicitive of the systolic blood pressure. This
criteria was therefore used tc determine the systolic
blood pressure from the pressure curve if it was
questionable which Koretkoff signal to use. The validity
of the Doppler-cuff methcd had been established during a

previous study performed in this laboratory(31). The
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pressure cuff was calibrated daily prior to data
collection.

By using both the Godart pump and a bulb, the
pressure in the cuff could be increased rapidly. When
this pressure exceeded the systolic blood pressure, as
indicated by a loss cf the Doppler signals, the pressure
vas allowed to bleed out through the pump at a slow
constant rate, When the fressure reached the systolic
blood pressure and less, the Korotkoff signals appeared on
the pressure curve ard the Doppler signals returned.

After Korotkoff and Poppler signals were recorded on the
chart paper the remaining pressure was allowed to rapidly
bleed out through both the pump and bulb. This procedure
was begun prior to the start of the contraction to enable
the investigator to get a systolic blood pressure reading
during the early phase (the first 5 sec.) of the
contraction, and was repeated as often as possibie
throughout the duration of the contraction. An average of
20 seconds elapsed between tlood pressure measurements
vith an average of seven measurements obtained during the
sustained adduction contractions and six during the
handgrip contractions.

EMG. Using anatomical and kinesiological information

it vas determined that the most likely accessory muscle

r——— e
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activity would be recorded by monitoring the skin surface
over the bellies of the wrist flexors (flexor carpi
radialis), wrist extensors (extensor carpi ulnaris), and
the biceps and triceps during index finger adduction and
the biceps, triceps, anterior deltoid and pectoralis major
during handgrip (27,28, 29,3C). The muscles to be
monitored were palpated during a manual muscle test
(29,32,33) and a 5 cm equilateral triangle was marked over
the corresponding areas. Using anatomical landasarks on an
average size adult male as reference points, the location
of the electrodes was standardizied (Appendix D).

The skin surface where the electrodes were to te
rlaced was abraded with #400 emory cloth. Using Beckman
Electrode Electrolyte as the coupling medium, the
electrodes were attached with adhesive discs to the skin,
and the interelectrode resistance measured. If this was
not less than 5000 ohms between any two of the three
electrodes, they were remcved and the skin reprepared.

During pilot work in preparation for this study
simultaneous direct and integrated EMG signals recorded
from the same set of surface electrodes demonstrated that
only extreme movement of the EMG cables produced a motion
artifact that could contasinate the racorded integrated

tracing. Similarly it was shown that, under the conditions




existing in the laboratory, the recorded integrated EMG
tracings were free of envircnmental artifacts. There

were, however, EKG artifacts present in some of the EMG .
signals recorded from subjects anterior deltoid and f
pectoralis major muscles during the study. This was first

noticed when the EMG signal from a subject was changed ]

from integrated to direct as a check for contamination of
the integrated EMG recording. If the EMG activity fren
either the anterior deltoid or the pectoralis major was
established as the cutoff criteria for the U4OXMVC
contraction, it was checked, by changing from integrated
to direct, for EKG ccntamination. No EMG tracings
contaminated by EKG artifacts were used fcr establishing

the end point of an exercise.

Procedure for Data Acquisition §

Prior to data acquisition, each subject was given a
subject information form and signed a subject consent fornm
(Appendix 1).

At least four exercise sessions were required with
each subject. There was at least one, but not more than
four, days tetween each session; sessions were not

conducted on weekends., In order to comtrol diurnal
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variation sessions were conducted at the same time c¢f day,
t2 hours.

The order of presentation of the two different
exercises during the first session with each subject was
determined via a random number table. This order of
presentation was repeated again during the session in
which the third fatigque ccntracticns were performed
(session 3). The order of presentation for the session in
vhich the second fatigue contractions were performed
(session 2) and for the last session (session 4) was
opposite of that during sessions 1 and 3. This reversal
of the order of presentation was used to eliminate any
bias due to the order of presentation of the exercises.

During all isometric contractions, the subjects were
given verbal motivation by the investicator to produce
maximal tension and to sustain the endurance contractions
as long as possible.

Systolic blood rpressure measurements were taken only
during sessions 2 and 3.

The subjects were not allowed to observe the chart
needle deflection frcm the dynamometers during MVC
determinations, hovever, during the 40% MVC the subjects
monitored their tension by observing the needle

deflections. The sulkjects were instructed to do their




42

best to maintain a straight line at a predetermined level
indicated by a mark cn the chart paper. A mark vas amade
on the appropriate channel of the chart paper indicating
the 40% MVC of the respective exercise, and the subject
vas instructed, as tle chart paper advanced, to drawas
straight a line as possible at this level. Even though the
subject was monitoring the tension himself, the
investigator was continually giving verbal feedback to

keep the tension as constant as possible.

tn

ession 1. The subject was set up in the appropriate

dynamometer and maxigal isometric tension was detersined.
For this study, maximal isometric tension had been defined
as the mean value of three brief isometric contrartion
€ach of 3 seconds duraticn and with 1 minute rest between
ccntractions. After allowing at least a S aminute rest,
the subject was set up in the other dynamometer angd
performed a maximal isometric tension determination of the
second exercise., EMG electrode sites were marked,
prepared, and the surface electrodes were attached, after
vhich the interelectrode resistance was measured. An
appropriate sensitivity setting was then determined for
each of the four muscle groups being monitored. The
sybject then performed a 40% MVC, based on the MVC just

determined, of the seccnd exercise. This 40X contraction
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vas held until either 1) the subject could no longer
maintain the contraction, or 2) ¢tle integrated EMG tracing
of any of the four areas being monitored exceeded 10manm
from its baseline. Since maximal needle deflection
possiktle for an EMG record was 50 mm, the width of a
channel on the chart paper used, if the needle was
deflected 10 mm (20% of the channel width) it would have
greatly exceeded the maximum accessory auscle EMG allowved
for this study. A minimum of 3 minutes was allowed for
rest, after which a saximal muscle contraction for each of
the accessory muscle groups being mcnitored for ENMG
activity was parformed. The integrated EMG activity

recor ded during this maximal contraction was the 100%
value upon which the 10% cut-off level for the accessory
muscle activity was based. The electrode positions for
the other two muscle areas to be mcnitored were prepared,
the appropriate EMG electrodes were moved, and the
interelectrode resistance measured. The subject was then
repositioned in the initial dynamometer and performed a
80% MVC contraction tased on the respective MVC determined
at the first of the session. Again, following at least a
3 minute rest, the irtegrated EMG activity of the
monitored muscle groups was recorded during a maximal

contraction of the respective accessory muscle grougs.
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After removal of the electrodes and changing the
dynamometers, which allowed at least a 5 minute rest, MVC
detereinations were again performed for both exercises, in
reverse order of that during the first part of the
session.

The 40% MVC valves to be used for the fatigue
contractions during sessicns 2 and 3 were calculated from
the two 100% MVC trials performed during session 1. 1If
the endurance time of a sustained contracticn performed
during session 1 was greater than or equal to 150 seconds,
the higher of the two respective 100% MVC values was used
to calculate the U0% MVC value, If the endurance time of
the sustained contraction was less than or equal to 45
seconds, the lower 1C0% MVC value was used. This protocol
was based on studies which indicated a range of 45 to 150
seconds for a sustained 40% Mvc (2,9,10,11,25,34). With
adduction, the smaller of the two 100% MVC values was used
for three of the 21 subjects. The larger of the twc MVC
values was used for all 40% calculations fecr handgrip.

No blood pressures were taken during this session; it
vas used to acquaint the subjects with the equipment and
what to expect during the folloving sessions.

Sessiop 2. Using marks made during the initial

session, the EMG electrodes were positioned for the
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appropriate exercise., Next the blood pressure monitoring
equipment was attached and a resting systolic blood
FIessure wvas recorded. The interelectrode resistance was
then measured and an apprcpriate sensitivity for the EMG
was selected. The subject was positioned in the
appropriate dynamometer (Figure 10). Systolic blood
Fressure vwas monitored until it was within 10 mmHg of the
systolic blood pressure taken previously, this being the
criteria used to define a stable, resting systolic blood
rressure, After a resting systolic blood pressure value
had been established, the subject performed a 40% MVC
based on the respective 100% MVC determined in session 1.
When the subject could no longer maintain the proper
tension or when any cne of the EMG recordings exceeded
108 deflection on the chart paper, the contraction vas
terminated. EMG activity during a maximal contraction of
the monitored muscle groups was obtained as in session 1.
The appropriate EMG electrodes were changed and the
interelectrode resistance was measured between these
electrodes., The subdect was then positioned in the second
dynamometer. When the systolic blood pressure was stable,
within 10 mmHg of the initial systolic blood pressure
recorded during the first part of the session, the subject

performed a sustained 40% MVC of the second exercise. The
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exercise was terminated using the criteria previously
stated. Maximal EMG activity was recorded in the same
manner as before.

Session 3. The procedure for data acquisition during
session 3 was identical to that of session 2, except that
the order of presentation of the exercises was reversed.

Session_#4. The order of presentation of the
exercises was the same as that in session 3. The subject
was positioned in the appropriate dynamometer and 100% MVC
was determined. Following at least a 5 minute rest, 100%

MVC was determined for the second exercise.
Brocedure for Data Reduction

Using a paper sreed of .2 cm/sec during the first and
fourth sessions and a speed of .5 cm/sec during the second
and third sessions, permanent records were produced during
each contraction. Afppendix E illustrates a portion of a
chart record produced by a subject during sessioa 2.

MVC, The first three 100% MVC values withia a 10mm
range (1.3 pounds for index finger adduction and 28 pounds
for handgrip) were averaged to calculate the value for an
MVC determination. If two contractions were within this

range and the other was greatly increased or decreased,

additional contractions were performed. Some subjects
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actually perforsed as many as seven brief maximal

contractions before three values within this 10mm range
vere obtained. There were 29 out of a total of 104 index
finger MVC determinations when more than three brief
contractions vere performed fcr an index finger adduction
MVC determination. 1In 11 of these 29 instances the three

brief tensions included the highest of the recorded

values. In the other 18 instances the three brief
tensions averaged for the MVC determination did not
include the highest cf the recorded temsions. In 13 of
these 18 times the highest brief contraction value
recorded (but not used) was greater than the highest of
the five MVC determinations for the respective subiect.
Although there were 13 separate MVC determinations cf
concern, they involved oniy seven different subjects.
Similarly, there were eight instances when more than three

brief contractions were taken for a “andgrip MVC

determination. Of tlese eight, there were six instances
vhen the three brief contraction values averaged for the
MVC determination included the highest of the recorded
tensions, The remaining two instances did not use the
highest recorded tensicn for the respective MVC
detersination. In bceth of these cases, though, the

highest brief contraction value recorded (but not used)
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was less than the highest of the respective subject’s five
MVC determinations. '

40%_MVC_tension. When the tension during a 40% MVC
contraction was decreased more than 10% below the
calculated 40% tensicn for longer than 5 seconds the chart
record was marked to indicate the termination of the
experimental contraction.

ENG activity. The 10% allowable accessory amuscle EMG
activity was deterrined for each muscle group for each
session based on the 100% activity recorded for the
respective groups during the respective session. When the
EMG activity recorded during the 40% contraction exceeded
this 10% level, the chart record was marked to indicate
the termination of the experimental contraction.

Duration of contraction. The duration of a
contraction was determined by calculating the time
interval between the onset and termination, due to either
decreased tension or excessive EMG activity, of the
contraction using the time interval marks produced ty the
recorder.

Systolic blood_rressure. The first distinct, sharp
spike produced by the Korctkoff microphone, as compared to
artifacts, on the decreasing pressure curve was

interpreted as the systolic blood pressure. If there was
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not a clear distinction between the artifacts and the

first sharp spike, tte Doppler signal was used, as
described previously, to interpret the systolic blocd
pressure. Only systclic tlood pressures recorded prior to
the cut off time as determined by either the decreased
level of isometric tensicn or excessive EMG activity were
used for data reduction. Repeated systolic blood pressure
measurements were obtained during the sustained 40% MVC
contractions. For bcth the index finger adduction and
handgrip contractions the first exercising systolic blood
pressure measurement was taken within the first 7 seconds
of the sustained contraction. Individual regression
lines, in the form y = mx ¢+ b, of systolic blood pressure
versus time were calculated for each sustained contraction
performed by each sulkject during sessions 2 and 3. These
regression lines were considered the criterion measures of
the systolic blood pressure responses to the sustained

40% MVC contractions.

Methods of Statistical Analysis

The Statistical Analysis System (SAS) library
programs GLM, ANOVA, and MEANS were utilized for the
statistical analyses. The .05 level of significance was

chosen for this study. Means and standard deviations were
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calculated for the 1(0% MVC determinations, resting
systolic blood pressure measurements, and endurance times.
Means and standard error cf the means were calculated for
the slopes and intercepts of the regression lines
representing the mean systolic blood pressure response to
each repetition of each different size muscle mass and the
grand mean response to each different size muscle mass.
Reproducibility. The degree of reproducibility of
repeated measurements was established by testing how well
the values correlated and the significance of the
difference between the values for repeated measurements,
The ccrrelation was determined by calculating Pearscn
product-moment correlation coefficients (r). The
significance of differences was tested by either an
analysis of variance or a paired t-test. Correlation
coefficients were calculated for the values of the five
MVC determinations for each of the two different size
muscle groups, the resting systolic blood fpressures
measured at the start of sessions 2 and 3, the endurance
times for the two sustained contractions of each different
size muscle group performed by each subject, and the
slopes and intercepts of the regression lines representing
the systolic blood pressure responses to the two sustained

contractions performed by each subject of the two
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different size muscle groups. Analyses of variance

procedures were perfcrmed to test the significance of the
differences between the five MVC determination values for
the two different size muscle groups. Duncan's multirange
tests were performed on the five mean MVC determinaticn
values for each different size muscle group to determine
where the significant differences existed. The
significance of the difference between the endurance times
for the tvwo sustained contractions of each size muscle
group performed by each subject was also tested via an
analysis of variance. Paired t-tests were performed to
test the significance of the difference between paired
resting systolic blocd pressure measurements and paired
slopes and paired intercepts of the two sustained
contractions performed by each subject for each size
muscle group.

Inter-variable relatiopships. Simple linear
regression vas performed cn the exercising systolic blood
pressure measurements and the corresponding times at which
the measurements vere taken to characterize a subject's
systolic blool pressure resgonse to a sustained isometric

contraction. Individual and combined correlation

coefficients were ccEputed for the exercising systolic

grasvrony
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Elood pressure measurements versus time for rhe sustained

contractions(35).

Student's t-tests were performed on the slopes and
intercepts of the regressicn lines representing the mean
response of the 21 subjects to each sustained contraction
of the two different size muscle groups and the mean

response of the 21 subjects to each of the two different

PPRRIEEARBRICIIN: Dy TR Sl Vot X, 3 1

size muscle groups tc test the significance of the slopes

and intercepts relative to 0 slope and 0 intercept.

Inter-exercise ccmparisons. An analysis of variance

| AN

was oerformed to test the significance of the difference
btetwveen the slopes and intercepts of the regression lines
representing the mean response of the 21 subjects tc the
sustained contractions of each of the two different size

muscle groups.
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This chapter presents the results of the analyses

performed on *the collected da*a.

Strength Measurements

Adduc*+ion. Tndividual maximal s*renath values for
index finger adduc*icn and the mean ard standard deviaticr
for each trial are giver in Table 1, T™he degree of within
subiect reproducibility was establishked using the Pearsor
product-moment correla*ion coefficient (ry. The r values
derived from *he correlation betweer any +wo mean values
of the five maximal strenath determira*tions are precsented
ir Table 2. ™he r value €for max 1 vs max 2 (r = ,8U42)
illustrates the wi*hin dav revroducibility. All o*her r
values illustrate betwesn dav ccmrarisons, ™iese values
ranged from r = ,33€ (max 1 vs max 4) tor = 709 (max 2
vs max ),

An analysis of variance procedure was performed to

de+termine if there were significant differences between

the five index finger MVC determinations performed by each

ekl in
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Table 1

Maximal Voluntary Streng*h for
Index Firger Adduction (1bs)

-—

mrial

Subiect 1 2 3 4 5
1 2.40 * 2.60 3.19 4,72

2 b, 11 3.u4 2.48 2.70 3,08
2 2. 31 1.87 2.42 4,48 4.58

i 1. €5 1.96 3.15 4,327 2.55
S 3. 61 2,87 3.58 3. 88 4,18

6 2,33 2.60 2.51 3.00 3.65

7 2. 54 2.49 2.89 2.97 2.82

8 2,86 3.96 4,40 5.35 4,38

9 4,68 5.39 a.14 S. 42 4, 7¢
10 4,18 4,27 4,68 4,57 4.57
11 3.42 3.23 3.92 3.1 3.03
12 3,52 3.81 4,79 3.85 3.39
13 3,52 3. 84 3.31 2, 4% 3.11
14 19 3.R5 5.46 4,65 3.50
1€ 4.05 4,28 3.91 u,76 3.22
16 3,88 5.69 5.90 5.82 5.97
17 4,08 3.329 4,21 3. 11 2.97
18 .74 3.99 4.86 5.08 3.85
19 2. 67 1. 54 1.90 1. 83 1.92
20 2,15 3.23 3.72 4,5% 5,19
- 21 4,02 _ 3,00 3.72 4,55 4,53
Mean 3,41 3. 35 3.75 2,97 3.81
S.D. .78 .90 1.06 1.08 .99

-~

*missing data
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Table 2

Reproducitility of Maximum S*rength
Determinations for Index Finger
Adduc*ion: Pearson Prcduc* Moment
Correlation Coefficient (r) ‘or
Comparisor Be*ween 7Trials

Max 2 max 3 Max o Max S

T Max 1 LEu2* T . 336 U339
(.000M *x*x (,0127) {.1363) (.1355)

Max 2 .709 « 570 Luu1

(. 0005%) (.0087) (.0515)

Max 3 . 701 1428
(.0004) (. 0527

Max 4 6810
(.0006)

*within day correlation; all others are
be+ween day correlatiors
**probability of getting a larger r value
i€ no correlation exists
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subiect, A calculated value of P = 3,39 indicated +hat a¢
tte .05 level of significance, *here was a siagnificant
difference Fe+tweer +the values, A follow~up to the
aralysis o€ variarce, the Duncan's mul*iple range test,
indicated ttat there was no siarificart diffarence between
+he mean values for Group C (max 1,2,3), Group B (max
2,3,5),2nd Group 2 (max 3,5,8), There was a ageneral +rerd
of increasirg streng+h with successive MVC determinations,
although there was no* a significant difference be*ween
any two successive trials. This includes the within day
determinations (trials number 1 and 2) and between day
trials (trials number 2 and 3, 3 and &4, ard 4 and 5). "Le
significant differences were hetween trials 1 and 4, 1 an3d
S, and 2 and 4, Tables 3 and 4 display the results o€ tte
analysis o€ variance and the Duncan's test, raspectively.
Handgrip. The inrdividual values, means, and standard
devia+*ions for *he handarip maximal strength trials are
shown in "™able 5. The Pearson correlation coefficient (r)
was again used to demonstrate the degree of within subdect
reproducibility., The within day reproducibility for the
handgrip MVC determinaticns was r = .f42 (max 1 vs max 2y,
The between day correlation coefficients ranged from
r = ,448 (max 3 ve max 5) tor = ,780 (max 2 vs max 5,

Table 6., An analysis of variance performed on the

Bkt A s e




Table 3

Summary of RAnalysis of Variance for Com-
parison Eetween Trials of Maximunm
Strength Determinations for
Index Pinger Adduction

e e e eI M -
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Source of Degrees of Sum of Mean
Variation Freedcnm Squares Sguare F*
mrials T
(withinm) u 5, 92 1.480 3.209
Subiects
(betweean) 20 60,25 3.012 6.9
®rror 79 34,04 0.426
Total 103 100, 61

D ¥k

.0129

.0001

*F for .0F level (4,79 D.F.) = 2.50
P for .0F level (20,79 D,P.) = 1,72
**p = probability of getting a larger F value

. ooPE
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Tabla 4

pinin =S

Duncan's Multiple Range "est for Differ-
ences Retween Mean Values for Trial
One *o Five €for Maximal Strenath
for Tndex Finger Adduction

e

— — — - - -—

Mean Number of mrial
Grouping* {(1bs) Subjects Number
2 3.97 21 u
B A 3.81 21 5
C B A 3,7¢ 21 3 ]
o B 3.41 21 2 i
c 3.3€ 20 1 5

-- -- - i

*means with the same letter are not signif-
icantly different at the .05 level
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Table 5§

Maximal Voluntarv Strength €or
Handgrip (1lts)

mrial !5
Subiect 1 2 3 u 5
1 104.6 * 129.4 92,2 97.8
2 1400.6 127.2 131.8 11U4,€ 121.F
E 157.0 1%3.2 141,22 1us5,4 157,11
] 113.2 117.7 107.1 116.0 111.9
5 134.5 131.4 122,3 125.8 135,0
3 15,2 131,86 137.0 130.9 111.23
7 108.4 100.6 110.4 291.3 119.2
8 103.4 104.8 104.8 116.5 116.9
9 119.17 126.717 112.,3 1233.,7 130.°%
10 102.0 €7.5 106.7 98.7 103.9
11 8%.6 93.6 99,6 98.7 101.u
12 130.5 111.8 104,8 28.7 130.0
13 134.0 120.6 98.6 129.5 135.9
10 120.2 101.5% 98,1 95,0 95,0 i
15 110.4 122.5 127.7 1€60.3 137.9
16 114.6 123.,5 123,55 130.9 136.1
17 99,7 £9.4 81.9 293.1 95,9
18 137.9 128.6 125.6 146.8 139,3
19 113,2 €7.2 116.8 120.5 93.6
20 100. € 4.1 117.4 139,3 10k.2
21 __ 97.8__100,6__106,7 _106.2_ _133.3__
Mean 118.2 113.2 1'%,1 119,11 119.5
S.D. 19.3 17.6 16.1 20.4 18.1
*missing data
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Table €

Peproducibil ity of Maximumr Strength Deter-
minations for Handgrip: Pearson
Product Moment Correlation Coef-

ficien*t (r) for Comparison
Between T™rials

Max 2 Max 3 Max 4 Max S

T Max 1 NTED . 590 Luc9 .536
(. 00017) **x (. 0049 (.0362) (.0127)
Max 2 « TUF . 6U7 . 780
(. COO2Y (.0021 (.000M
Max 3 597 . Uu8
(.00U3) (.0418)
Max 4 .602
(.0039)

*within day correlation; all others are
be+tween day correlations
**probabilitv of getting a larger r value
if no correlation exists
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handgrip MVC determirations demonstrated no significant
differences between a subdect's five MVC determination
values (® = 1.,18). This was also verified by the Duncan's
multirange tes*, ™Tatles 7 and 8 show the results of these

two statistical procedures.

Restirg_Systolic_Blood_Pressure

Table 9 gives tte values and the correlation
coefficient for the resting sys+tolic tlood pressures +aken
prior to the 40% fatigue contractions performed during
sessions 2 and 3. A paired *-test resulted in a
calculated t = -1.50, indica*ing ro significan+ 43 fference
existed between the corresponding pairs of resting

systolic blood pressure values,

Adduction. The two endurance times obtained for eact
subiect for the sus*tained index finger adduction
contractions are shown in Table 10. The within subdiect
reproducibility was demonstrated using the Pearson
correlation coefficient, r = ,59. Al+hough the second

sustained contraction was usually of longer duration thar

the first, an analysis of variance demonstrated tha+ +hers




Table 7

Ssummarvy of Analysis of Variance for
Conparison Between Trials c€ Maximum
Strength Determinations for

63

Handgrio
) -
Source of Degrees of Sum of Mean
Variation Freedom Squares Sgquare F* D¥%
Trials -
(within) 4 624,96 156.24 1,18 3278
Subiects
{(betwesn) 20 22920.01 1146.0 8.63 .000%
Frror 79 10404, 42 132,RU4
Total 103 24039, 39

—— - -

*F for .0F% level (4,79 D,.F,) = 2,50
F for .05 level (20,79 D.F.) = 1.72
**probability of getting a larger F value
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Tabla 8

Duncan's Multiple Range Test for Differ=-
ences Retween Mean Values for Trial
One to Five for Maximal Strength
fcr Handgrip

Mean Number of Trial
Srouping* - (lbs) Subijects Namter
A 119. %1 21 5
A 119.06 21 u
A 118, 21 21 1
A 115.C6 21 3
A 113.17 20 2

*means with the same letter are no* signif-
icantly different at +he .05 level




Table 9

(mmHg) and Correlation Coeffi-
cient Taken at the PBeginning
of Sessions 2 and 3

——— . ———— — g Yy i .

I Resting Systolic Blood Pressures

Session
Subject 2 3

1 132.5 127.5

2 110.0 117.5

3 117.5 127.5

4 130.0 122.5

5 110.0 120.0

6 117.5 112.5

7 127.5 127.5

8 125.0 137.5

9 117.5 122.5

10 105.0 112.5
11 117.5 125.0
12 107.5 117.0
13 125.0 112.5
14 120.0 127.5
15 115.0 125.0
16 112.5 107.5
17 110.0 105.0
18 140.0 135.0
19 122.5 122.5
20 122.5 127.5
______ 21 2302.5___105.0
Mean 118.5 120.8

e __S.D, _..9.5 9.1_____
r = ,695
p* < .001

pung oumd Qumd Sumw

—— —— s S s

*probability of getting a
larger r value if no

correlation exists

- v e
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Table 10

Endurance T™imes and Correla+tion
Coefficient for 40% MVC for
Tndex Finger 3idduction (sec)

Session
sSub fec+ 2 3

1 112.0 195. 4

2 111.4 151.6

3 158. 4 189.0

] 146 .6 119.2

=) 102.6 107. 2

€ 131.0 149,0

7 131.8 176, 0

£ 120.8 109,.2

a 86.0 67.0

1C 75.8 129.6

11 191.6 172. 2

12 120.0 162.2

13 145,0 146.8

14 80.6 T72.6

1% 121.2 123.0

1€ 151.6 185.8

17 97.6 148.0

1€ 168,0 173, 4

19 121.0 105.8

2C 181.2 151.2

_21 177.2 179, 6

Mean 129.9 143, 5
Ssl. 32.9 36.9

r = .59
p* < .00°

——— ——

*prchbabilitvy of getting
larcer r value if no

correla*tion exis*s

6F
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wvas no significant difference be+ween tte two Aurations at
tte .0% level, Table 11,

BHandgrip. The endurance times obtained for +he
sustained handorip contractions are shown in Table 12, 2n
r = .65 was calculated for repeated measurements of ¢btis
variable, As with adduction, the second sustained
handgrip time was generally longer than *he first. Tn
contrast to the adduction times, *hough, the analysis of
variance indicated a significant difference between a
subiect's *wo handgrip endurance times did exist(matble

13Y.

Slopes_and_Intercepts

Nsing time (recorded in secords) as *he abscissa ané
systolic blocd pressure (recorded in mmFq) as the
ordinate, regression lines revresentirg the blood
pressure response of each subdect %o each sustained
contraction were calculated using tte regression formula
Yy = mx + b where y = systclic blocod pressure, m = slope, X
= time, and b = y intercepnt (Figures 11,72, and 13). 1n
average of seven systolic blood pressure measurements (+2)
with a 20 second interval between repea*ted measurements

was obtained for index finger adduction. Similarly, an

average of six measurements (+2) with an interval of 19

oy =y
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Table 11

summary o€ Analvsis of variance for
Compariscn of Endurance Times for
0% MVC Tndex Finger Adductiorn

Source of Degreecs 0f Sum of Mean
Variation Freedcm Squares Square rx D **

—— ———— i ——— - —

Repetition

(within) 1 752.6€9 752,69 1.40 2499
Sutiects
(between) 20 39302, 14 196.61 3,67 ,0027
?rror 20 10719,49 535,97
Total 41 E077u4, 32
*F for .0°f% level (1,20 D.F.) = 4,35
F for .05 level (20,20 D.%.) = 2.12

**probability of getting a larger F value




4
|

e . -
- _

69

Table 12

“ndurance Times and Correlation
Coefficient for 40% MVC
for Handorip (sec)

Session

Sub lect 2 2
1 49,8 92.2
p; 77,4 100.4
2 1€, 0 100.2
] 182.8 201.4
B 102, 4 159.C
F RA, 6 105.8
7 103, 8 105.8
£ 182,2 182.8
9 Q6.6 99.¢
1C 122.4 169,6
11 1€6, 0 140,0
12 131.€ 120.¢C
13 124, 6 1€9.8
14 68,4 82.2
15 47,2 247,.8
1€ 160.2 140,04
17 110,0 90.u
1€ 140, 8 127.8
19 €5.2 158, 2
2C 93,0 139.2
- _21 -_.99,2 __133.8
Mean 114, 1 138.4
e _S.r. ___3%,5 85,8

r = ,€5
px < ,002

*prcbability of getting a
larger r value if no
correlation exists

]
-
R
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Table 13

Summaryv of Analysis of vVariance for
Compariscn o0f Tndvrance Times for
40% MVC for Handario

-~ — ——

Source of Degrees 0f Sum of Mear
Variatiorn Freedcm Sguares Square F* p**

Revetition

{within) 1 5721.,33 F£721.33 8.65 ,00%1
Subiects .
(between) 20 £5698,78 27°4,94 4,21 ,00*1
Error 29 13231.00 661.55
To+al u1 T4651,20

————— ——— ———— o . W — - —

——— — . 2 T ————— ————— —— a—— — —— —— —— -

*F for .0F level (1,20 D.,FP,) = 04,35
F for .o% level (20,20 D.F.) = 2.12
**probabili*y of getting a larger ¥ value
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seconds was obtained during +*e sustained handarip
contractions,

Adduction. A t-test to determine i€ a signi€icarnt
increase above the resting systolic blood pressure
occurred was performed on the slopes and +the interceots of
the three regression lines (mean response-repestition 1,
mean response-repetition 2, and mearn response-index finger
adduc*ion) for index finger adduction, Table 14, 1n1ll
three slopes and intercepts were significantly different
from 0. The slopes being different from 0 indicated
significant blood pressure increases occurred.

Tndividual and combined correlation coefficients for
the systolic blood pressure measurements vs time (the
exercising klood pressure measurements) were calculated,
Appendix ¥, Table F-1. The average correlation
coefficient for th2 systolic blood pressure measurements
with time during the sustained index finger alduc*tion
contractions was r = ,59(p < .007). Al hough the combined
correlation was seemingly low, there was a correlation
between increasing systolic blood pressure and time duriro
the sustained index finger adduction contractions.

Correlation coefficients, indicative of the
reproducibility, for the slopes and intercepts of the

regression lines revpresenting the mean sys*olic blood
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pressure responses tc the two erdurance contractions €or

index finger adducticn were r = ,192 and r = .706,
respectively. Calculated ¢ values of t = 1.3 and t = ,3¢,

for slopes and intercepts respectively, irdicated no

e

significant differences between corresponding pairs of
regression lines representing the two sustained index
finger con*ractiors performed by each subject. Even
though a subject's blood rressure resporse to the
sustained adduction contractions was not hiahly
reproducible, as indicated by thke low correlation
coefficient for the slopes of the regression lines

(r = .198), there was not a siori€icant difference te+ween
a subdject's two responses.

Handgrip. The t-tests to determine i€ a significan*
increase above resting systolic blood pressura occurred
during the sustaired handarip contrac*ions indica+ed a
significant resporse for each of the three different
regression lines ¢f handgrip, mable 15,

™he individual and ccmbined correlation coefficien*s
of the exercising blcod pressure measurements vs time for
tte sustained handgrio contractions are found in Bppendix

G, Table G-1. The ccmbined correla*ionr coefficient €for

ttese measurements was r = ,95%(p < ,00M, indicating a

I SR, XY
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strong correlation between increasing blood pressure with
time for ttre sustained handgrip con*ractions.

The between *rial rerroducibility of the slopes and
intercepts of the regression lines representing tte
svystolic blood pressure responses to *he sustained
handarip contractions was demonstrated by calcula*ina

correlation coefficients cf v = ,389 for the slopes ard

T « 675 for *the intercepts. Calculated « values of
t = 1.2 for the slopes and t = ,78 €or tte intercepnts
irdicated no significant differences between paired
values. As with the systolic blood pressure responses to
the sustained adduction contractions, thte systolic blood
pressure responses of a subdject tc sustained handario
centractions were not highly reproducible (r = .389) ever
ttough there was not a significant difference between a
subjec*?'s two responses.

Rdduction vs Handgriv. The results of *he aralvses
0% variance performed or the slopes anrd intercepts of the
regression lines representing tte mean response of the 21
subjects to the svstained contractions of +the *wo
different size muscle grouns are showr in Tables 16 ard

17. Sigrificant differences be*ween *he slopes (F =

68.11, p < .001) 2nd intercep*s (F = 4,95, p < ,0U5) of

+he mean rearession lines were present,
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Table 16

Summary of RAnalysis of Variance for
Slopes of Regression Lines of Rlood
Pressure Responses +o Sustained
Index Finger Adduction and
Hardgrip Contractiors

— —— > e S — -

Source of Degrees of Sum of Mear
variation Freedcnm Squares Square ik p¥*
Txercise 1 1.158  1.158 138,40 .0001
1 Subfiects 20 0.338 0.017 2,04 .02F1
Interac*ion 20 0.301 0.017 2.04 .0261

Error ___.u2 0. 351 0.008 _ _
using the analysis cf variance mean sgquare for
interactior as the error term since subiects
were assumed to_be a2 random sample _ ___ ____
T xercise 1 1.158 1.158 £8.11 .0001
®rror 20 0.3u41 0.017

—— - - — — — - - -

- ——— . - —— o

** for .0% lev=2l (1,20 D,F.) = U4,3%
F for .0% level (20,40 D.P.) = 1.84
**probability of getting a larger F value
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Table 17

Sumrwarv o€ Analysis of Variance for Tnter-
cepts 0f Pegression lines of Rlood
Pressure Responses *o Sustained
Index Tinger Adduction and
Handgrip Con*ractions

Source of Degrees of Sum of Mean

Variation Freedcm Souares Sgquare Px p**
Txercise 1 T 82,01 R2.01 3.37 .073%
Subiects 20 4663,11 233.16 9,58 0001

Interac*ion 20 387,41 17.87 .73 ,.769N
Trror 42 1022, 08 24,33

usirg +the analysis cf variarce mean sguare for
interaction as the error term since subdects

were assumed_*o_be a random sample

Ixercise 1 R2,01 82,01 .95 ,ou47
Frror 20 357,41 17.87
** €or .0F level (1,20 D.%.) = u4,3F

¥ for .0°% level (20,80 D.¥.,) = 1,84
**kprobability of getting a larger ¥ value
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Tte fact that a subiect-exercise interaction was
present for *the slopes indica*“ed tha*t because a subiect
had a relatively strcna response *o the sustained index
finger adduction contractiones (as indicated by a
relat ively tigh slope) 4id no* indicate that he would als>

have a relatively strong response to *+he sustained

e

hardarip contractions. The sionificarce of *he subdect-
exercise interaction (F = 2.04) relative *o the

significance of +he difference be*ween *te mean svetolic
blood pressurs responses *o +he sus*ained contrac*icns of

the “wo different size muscle groups (F = AR8.,11) was

b

-
D

[ R
]
[N

negl

S

b

n

2o

Q

2 the paired t-test indica*ed no signi€icence
difference between resting svstolic blood pressure values,
ore would assume tha+ or *he average a subiect's restina
svstolic blood pressure was essen*ially the same when
start ing the different susteined cortrac*ions. The fact
that *he intercep*s of +the regression lines rspresenting
the mean systolic blood pressure resvonses to +he two
different size muscle aroups were significantly 4+ £fevent+
indicated that a significant ‘ncrease in systolic blood
pressure must have occurred early in +he handgrio

contractions. This would have simulated a seeminaly

higher starting poin+t for the hardgrip cortractions.

|
)
i
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sSummpary

The aralvsis of variance and@ Duncan's mul+irange *ect
inrdicated significant differences between *the five index
finger adduction MVC de*erminations performed by sach
subject. The same tests irdicated no sach differerces
were vresenrt for *the corresronding handorio values, T"he
degree of within day reproducibility for *he MVC
determinations for index finger adduction was Aemcnstra%ed
tv a correlation coefficient of r = 842 (max 1 vs max 2).
“he corresponiing correlatior for the handgrip MVC
determinations was r = .843, The be*ween day correla*ion
coefficients for the index finger adduction MVC
determinations ranged from r = .336 tor = .709 while +he
corresponding values for gandgrip ranced from r = ,U488 +o
r = ,780.

The paired t-test indicated no significarn*t di €ference
existed between paired resting systolic blood pressures
measured at +he start of sessions 2 and 3.

The analysis of variance indicated no significan*
difference between each subiect's endurance times for +he
sustained index finger adAuc*ion con*ractions., A
significant difference was stown to exist between the

corresponding 2ndurance times for handgrip. Correlation
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coefficients of r = .59 for irdex finger adductior and
r = .65 for handgrip were calcnlazted €o- *he endurance
times 0f the sustained contractiorns.

The +-tests indica*ed a signif

e

t

140

ca ncrease above

3

the resting systolic blood pressuce occurred Adurirg each
sustaired ccentractionr of the two dAi€ferent size muescle
grouns. The raproducibili*y of *he slopes and in*ercepts
of the reagression lires representing the systclic blood
rressure responses to *he sus*tained index finger adductior
contractions was indicated by correlation coefficients of
r = .198 and r = ,70€, respec*ively. Correlation
coefficients of r = .289 and r = ,675 were calculated for
the slopes and in*ercep*s, respec*ively, of the regressior
lines representing the systolic hlcod pressure responses
to handgrio.

The aralvses of variance performed on th2 slopes an?
intercepts of ‘he regression lires reoresenting tke mean
responses of tke 21 subiects *o *he sustained contractions
cf the +wo different size muscle groups demons*ra*ed +hat

a signri€ficant difference existed.
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CHAPTER V

DISCUSSION and CLINICAL IMPLICATIONS

Strength Measurements

In a study such as this, one must be concerned with
the reliability of repeated strength measurements.
Studies have been conducted which looked specifically at
this issue., Two items to be considered when evaluating
the reliability of repeated maximum iscmetric strength
measurements are between day and within day variaticas.
Carlson and McCrawv (17) obtained a between day test-retest
correlation coefficient of .94. This was calculated from
a total of 8 100% maximal voluntary strength
determinations, each perfcrmed on a different day, for
iscometric elbow flexion by each of 36 subjects. 1In a
study dealing with isometric handgrip streagth,

Heyward (18) obtained test-retest between day correlation
coefficients ranging from .92 to .98 from a total of 11
100% maximal voluntary strength determinations perfcrmed
by each of 49 subjects. Each 100% determination was
performed on a different day with no more than three

determinations in any one week. Even though the between
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day correlation coefficients for both adduction and
handgrip maximal voluntary strength values were relatively
lov (r = ,336 to .78C) the within day correlations were
higher (r = .842 to .843).

The analysis of variance and Duncan's sultirange test
indicated a significant difference at the .05 level
between the mean values of adduction MVC determinations

for Group A (max 4, max 5, and max 3), Group B (max 5, max

3, and max 2), and Group C (max 3, max 2, and max 1) (Table

4). The same procedure, though, indicated no significant
difference between ccrresponding handgrip strength
values(Table 8). In trying to understand why the maximal
adduction strength values were as variable and seemingly
unreliable as they were one should consider the type of
contraction involveu and factors related to producing
maximal strength in a muscle contraction. As mentioned
earlier in this study, index finger adduction was chosen
to represent the smaller muscle mass becausa of its
relative ease of motor control. FEven though it 1is fairly
easy to isolate this movement, if stabilized properly, it
still remains a relatively uncommon motion. This specific
muscle action vas chcsen because it was the most natural,
easily isolated small muscle action to produce. Due to

the lower innervation ratio, as compared to a muscle mass
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vhich produces a gross type of muscle action (i.e. ticeps
for elbovw flexion), fine motor control is required to
produce index finger adduction as an isolated
contraction(37,38). With this in mind, one should
consider Simonson and Lind's work in which they
demonstrated "...the more complex the contraction, the
more difficult it is to measure it accurately,"(15).
Simonson and Lind(15) and Ikai and Steinhaus(39) all agree
that motivation and 2ental concentration are extremely
important in producing a maximal muscle contraction. Ikai
and Steinhaus concluded that, especially when dealing with
untrained subjects, supraspinal and proprioceptive
inhibitions of varying degree will prevent the subject
from engaging all the motcr units of an active muscle at
tetanus frequency. This fact, they concluded, gave
credence to the idea that "...in every voluntarily
executed, all out maximal effort, psychological ratkher
than physiological factors determine the limits of
performance, " (39).

Using the preceeding ideas of Ikai and Steinhaus, and
disregarding the posseibility of any additional auscle
action aiding in producing the recorded tension, this
investigator elected to chocse the highest 100% MVC

determination value (the highest of the five mean NYVC
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values calculated by averaging three brief contractions)
for both index finger adduction and handgrip as being the
value most likely to represent the true possible maximum
strength for each of the muscle actions. This maxisunm
strength value vwas then ccmrared with the tension used
during the fatigue ccntractions in sessions 2 and 3.
Whereas this study was designed to look at the systelic
blood pressure resporse tc a 40% MVC of index finger
adduction and handgrip, the preceding calculations
revealed that the sultjects in this study vere more closely
prcducing a 32% (+7%) index finger adduction and a 36%

(¢t4%) handgrip contracticn (Appendix H).

Besting Blood Pressure Measurements

Although the paired t-test indicated no significant
difference at the .0 level between the resting blocd
pressures recorded at the start of session 2 and 3 and the
low coefficients of variation (session 2 coefficient of
variation = 8.05, sesesion 3 coefficient of
variation = 7.53) indicated a moderately homogeneous group
of resting blood pressure values, one could possibly
question their reliakility on the basis of the correlatiorn

coefficient (r = .695). Sargent, et al. (40) conducted a

study vith 99 military recruits in the winter of 1954 and
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the summer of 1955 which investigated the norsal
variability of resting systclic blcod pressure. The
subjects were divided into two groups and two resting
klood pressures were taken at one week intervals on each
subject, two pressures being taken in the winter and two
taken in the summer., The results of the study revealed
coefficients of variation ranging from 3.0 to 13.4. These
relatively lov coefficients of variation indicated that
the variability of resting blood rressures among this
rather large sample population was moderately ssall.

Using three different techniques for measuring Llood
gressures, Sime, et al.( 41) tock two resting blood
pressure measurements on 31 subjects at one week intervals
and compared the results cf the three techniques., These
techniques were: 1) auscultatory using a stethoscope and
mercury manometer, 2) phonoarteriography, in which
simultaneous recordings of gressure and Korotkoff scunds
amplified through a stethoscope were photographed and
measured, and 3) audio, which wvas identical to the
phonoarteriographic method except the Korotkoff sounds
were amplified electronically instead of with a
stethoscope. This last method was identical, in theory to
tke primary method used in our study to measure systolic

blood pressures. In comparing the paired resting blood
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pressure values, Sime calculated r = .63, .76, and .62

respectively for the auscultatory, phonoarteriographic,

and audio techniques. In the present study a correlation
coefficient of r = ,€695, higher than Sime's r = .62 for
his similar technique, was calculated for the resting

systolic blood pressure values. With regard to the audic

method, Sime states the "...high correlation coefficient
demonstrates...reproducibility of systolic blood
pressures. "

One could conclude that based on the results of the
paired t-test (page €2), the coefficients of variation and
the correlation coefficient (Table 9, page 65), the
resting systolic blocd pressures measured in the present
study are representative of a normal population and are

within the limits of acceptable reproducibility.

Endurance Times

Although there were no significant differences
between endurance times for the index finger adduction
coptractions, the analysis of variance indicated a
significant difference between the endurance times for the
handgrip contractions (Tatle 13, page 70) . The longer H
duration of the second sustained handgrip centracticen

could have enabled a subject to attain a higher peak




systolic blood pressure., This could have changed tte

slope and intercept c¢f the regression line characterizing
the response to the exercise. There were, however, no
systematic differences between the slopes and intercepts
of the regression lines characterizing a subject'’s
responses to the sustained handgrip contractions (page

74y .

Exercise Blood Pressure Rgsponses

Since this investigator was unable to find any
literature which characterized the blood pressure resgonse
to an exercise using a regression eguation, there will be
no comparisons or contrasts of the regression equations
calculated in this study with previous finding of other
authors, The correlation coefficient for the slopes and
intercepts of the regression lines representing the mean
responses of the 21 subjects to each of the two sustained
contractions of each different size muscle group were low
{adduction slope r = ,198, intercept r = ,706; handgrip
slope r = .389, intercept r = .675). 1In spite of this low
reproducibility for the regression lines, paired t-tests
indicated no significant difference existed between the

corresponding responses., One could deduce from this that

a learning effect did not introduce a significant bias

aia s,




——--—-——-——-—-—---

91

into the blcod pressure response of the second fatigue
contraction.

Before comparing the regression lines representative
cf the mean systolic blood pressure responses of the 21
subjects to the two different size muscle groups, one must
assume that, as the literature states, there will be a
continuous risa in the blood pressure when a muscle is
contracting at greater than 15% of it's maximal voluntary
tensicn. One can see that there is approximately a six
fold difference betvween the slopes of the two regression
lines representing the systolic blood pressure respcnses
(adduction = ,052, handgrip = .287), Figure 13, page 70.
If a 4% increase vwere added to the slope for the adductiorn
response, as a compersaticn for the 4% less tension (32%
versus 36%) used during the fatigue contractions, the
difference between the twc would remain essentially
unchanged.

An attempt was made to find literature regarding the
sensitivity of the cardiovascular response center (s) to
different levels of isometric tension. Since different
authors have reported the results of different studies in
different ways (absolute arterial or aortic blood pressure
measurements, aean (diastolic + 1/3 pulse pressure)

arterial or mean aortic pressures, discreet time points,
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and relative time of contraction), it vwas necessary to
find studies by the scame author in which the same
techniques had been used to look at the blood pressure
responses of muscle group(s) at different levels of
isometric tension., 1In a previously mentioned study (34),
Ramos reported a 12 §mHg increase in brachial artery
pressure in response to a 10% increase (25%-35% MVC) in
iscmetric tension. Famos'! data should be cautiously
considered when compared with the data from the present
study. Ramos instructed his subjects to maintain a
predetermined relative handgrip tension for 5 minutes.
After approximately 1.5 minutes at the 25% MVC and 1
minute at the 35% MVC levels there was a continuous
increase of EMG activity in the more proximal flexor
muscles of ‘the ipsilateral extremity. This additioral
muscle activity, added to that of the primary handgrip
ruscles, significantly increased the size of the active
muscle mass responsitle fcr the observed systolic blood
pressure responses. Thus, the blood pressure changes he
observed vere more atrupt than the responses observed in
the present study.

Using the regression equation for the mean response
to the adduction contraction (y = .052x ¢ 122,38) and the

mean time for the adducticn contraction (136.72 seconds)
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the peak systolic blcod pressure attained in the present
study vas 129.5 amHg. Adding a correction factor of 4.8
amlg, based on Ramos' data, to compensate for the 4%
difference between the adduction and handgrip relative
tensicns used in the study would increase this peak
pressure to 134.3 mmHg. Substituting this value for y,
the regression equation becomes y = ,087x ¢ 122.38. EFEven
though this is a 67% increase in the adduction slorge,
there is still a three and cne half fold difference

between the slopas fcr the mean respomnses.

Sumeary _and Conglusicn

Although the reproducibility and consequently the
reliability of the within day maximal strength
determinations ware readily acceptable, the between day
maximal strength determinations were not as reproducible.
Possible explanations as to why tiese betveen day streng:h
values varied as they did were: 1)the relative ease of
performance of the two different contractions, 2) the motor
ccentrol needed to prcduce the more refined sovement of
index finger adducticn as ccmpared to the gross handgrip

contraction and, 3) the motivation and mental

concentration of the individual subjects from day tc day.
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The resting systolic blood pressure values measured
in this study were representative of a noreal sampling of
individuals.,

The technique usced tc characterize the systolic blood
rressure responses (linear regression of the blood
pressure vs time data points) introduced a unigque method
for presenting blood pressure data. Future investigations
using this same techrique will allcw for a valid
ccmparison of results even though the actual experimental
conditions may vary.

The fact that the index finger adduction and handgrip
fatigue contractions were performed at 32% and 36% MVC,
respectively, was acknowledged. Using the most critical
and exacting compensation, the systolic blood pressure
response to handgrip remained demonstrably different than

that to the index firnger ccntraction.

As a continuaticn of the present study, other studies
could be conducted which would: 1) characterize the
systolic blood pressure resgonse of other isolated
movements involving larger muscle masses, 2) characterize

the additive effects of simultaneous muscle contractions
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of a knovwn mass to a previously described systolic klood
pressure response 3) compare the systolic blood pressure
response of individuals with various circulatory prcblems
(i.e. hypertension, fpost cardiac infarction) to those of
normal individuals, and 4) define the critical size muscle
mass, if one exists, below which the systolic blood
pressure response to an isometric contraction is dependent
on the size of the ccntracting muscle mass and above which
the systolic blood pressure response is dependent on the

percentage of MVC at which the muscle mass is contracting.

The results of the present study could be utilized in
advising patients with severe hypertension and post
cardiac infarction patients concerning ADL activities and
possible employment opportunities. Theoretical peak
systolic blocod pressures could be calculated for an
activity, illustrating the potential hazard to the
patient. By combining these results with those of the
proposed future studies, though, the scope of the clinical
implications wouid be greatly expanded. This data cculd
then be used as a preliminary screening procedure fcr

isometric exercise irduced hypertension and as a means of

-
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testing the efficacy of drugs used for treating
hypertension, Clinicians, using biofeedback techniques,
could teach individuals hcv to relax certain muscles.

This could be used as a treatment for certain types of
hypertension and migraine headaches. Puture studies could

provide data which wculd be of benefit in exercise

prescription and employment counseling for patients with

cardio-vascular problens.




CHAPTER VI

SUMMRRY 0f THTSIS

21rpos2 _2f thz2 Study

"he purpose of this study was to iIrvestigate +*he
difference be“we2n *he blood pressure resvoansas tc two

differap* size muscle masses con

+
(R

acting a2t a known
percentage of maximal voluntary strength. Svecifically,
+tis <tudy compared slopes and in*ercep*s of the
regression lines d2rived from svystolic rlood pressure
responses to two different size muscle aroups contracting

2+ 40% maximzl voluntary streng*h,

Procedur

1]

Based on a 100% MVC value derived from *two MVC
determinations pe-formed by each of 21 mals subijects, a

B0% MVC value was determined for index firger adductiocn

arnd handgrio., During each of thke *wo succeeding sessions,
cach cubiect performed a sustzined U0% iscmetric
cortraction of the “*wo exercises while sys*olic blood
przssur2 and surface EMG activity over selactad musci?

groups was being monitered., Followinc each sustained
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contractiorn, a maximal EMG ra2sponse from the monitered
musclz groups and a 100% MVC of the appropriate isometric
contractionr was produced., The €inal session with each
subiect was a 100" MV determira*ion cof each 2¢f the two

dif€eren* con<rac*iorns.

Pogults

Rl+hough the analysis of veriance and Duncan's
rultirange test demonstrated a *rend of increasing tensiorn
in *he 100% index firger adduction values <rom max 1 *o
max S, there was no similar occurrence in “hke
corresponding handgrip values. The correlation
coefficient (r), nsed as an index of reproducibility,
indicated *hat th2 100% index finger adduction values ware
no+ as reproducibl2 as the cor-esponding randgrip
measuremants,

“here was no statistically significant difference
between *he restiniy systolic blood vressures measured on
each subiec+ at the star* of sessions 2 and 3.

™he difference between correspondinrg slopes and

.

rtercepts of the two regression lines ravresanting each
subiect's responses to rerpeat2d sustained contractions of

ths *wo different size muscle groups was statistically

incigrificant.

anknthnb.
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Zver though *he analvsis of variance indicated a
statictically significant suhiect-exercise interaction,
+he same procedure indicated “*hat an even larger
s*tatietically significant difference existed between tha
differant blood pressure responses to the two different
icometric contractions (index firnger adduction vs

h=2ndgrip).

congclusion

Thare is a statistically siagnificant difference in
“he systolic blood pressure response to a sustained 40%
MYC for index fincer adductior and a sustained 40%

handgrip cortraction.




AEPENDTIX 1?

MEDICAL HISTC®Y, SUBJFCT TINTORMRTION, AND
CERTIFICATION NF SUBJTCT CONSENT FORMS
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MFDICAL HTSTO®Y FORM

NAME: DATE:

Have vou ever had any known indications of, or been
treated for, any of the following (underline applicable
i+em)

i
1. Figh blood pressure? (7F “yes", list drugs L
prescribed and dates taken,)

2. Chest pain, heart a**ack, rheumatic fever,
heart murmur, irrequlu: vulse or other
disorder of the heart or blood vessels?

2, Cancer, *umor, cyst, or any disorder of
the thyroid, skin, or lymph glands?

4, Tiabetes or anemia or otker blcod disordsr?

Sugar, albumin, blcod or pus in +he urire,
or veneral disease?

4. 2ny Qdisorder of the kidney, Lladder,
postate, breas+* or reproductive organs?

7, UDlcer, in*es*inal bleeding, hepatitis,
colitis, or other disorder o the stomach,
intes*ine, spleen, pancreas, liver or ocall
bladder?

8. Msthma, tuberculosis, bronchitis,
emphysema or other disorder of the lungs?

9, Fainting, convulsions, migraine headache,
paralysis, evpilepsy or ary mental cr
nervous disorder?

10, Arthritis, gout, amputation, sciatica,
back pain or otbter disorder of the muscles,
tones, or joints?

l 5.
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MEDTCAL HISTORY FTORM(con+*d.)

11, DPisorder of *the eyes, ears, nose, throat
or sinuses?

12, Varicose veirs, hemorrkoids, hernia or
rec+al disorders?

13. Alcholism or drvg hatit?

Have you:

14, Had, or been advised to have, an x-ray,
cardiogram, blocd or other diagnostic test
in *he past = years?

prepe ey —ppag=———

15. P®Reen a patient in a hospital, clinic, or
other medical facility in the past 5 years?

3 16. Fver had a surgical operation performed or
advised?

17. Had any oral or respiratcry infections in
the past week?

DFTATIS OF "YFS" ANSWFRS,
Tnclude numbter of attacks, dat*tes: ~

b

I
[ i
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SUBJECT TNFORMATICN SHEET

Proiect Ti*le: CHANGES IN SYSTOLTIC BLOOD PRESSURT DURING
ISOMETRIC CONTRACTIONS OF DIFFESRENT ST2E
MNSCIE GRCUPS

“nvestiga*tors: Joe RA. Puck, L.P.T,
Louis R, Amundsen, L.P.T., PL.D.

This experiment invclves the determination o€ your
maximal isometric strength for adducting (pulling toward
+he rand) vour index finger and grippinoc witt the entire
hand. Following *tese determinaticns you will bhe trained
+c perform the above contractions at 40% of your maximum
isome*ric strength with minimel activity in other muscles.
Lfter this initial trairing vour blood pressure responses
to U0% of maximal capacity contractions keld to tolerance
widd be assessed for each muscle group.

Four sessions will be needed for training and da+a
collection,

Our moritoring ecuipment should cause no discomfort.
We will use only norinvasive methods *o monitor your hear*
rate, blood pressure, and eslectromyographic responses +o
exercise, The exercise may cause some local muscular
discomfor* during prclonged contractions,

We expect the results of this experiment 0 enhance
the knowledge base required *o determine if given
occupatioral or recreational activities are safe for
patients with ischemic heart disease.

"I have discussed the above points wi+h the subdect or his
legally authorized representa+ive, using a *ranslator if
necessary. It is my opinion *hat *he sub+dect understands
the risks, benefi*s and obligations irvolved in
participa*tion in this prodect.™

Investiga*or

LramP e

N v, et

Sy
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CERTIFICATION OF SUBJECT CONSENT

e et Bt o\t Ll <t it At £

Project Title: CHANGES IN SYSTOLIC BLOOD PRESSURE DURING
ISOMETRIC CONTRACIIONS OF DIFFERENT SIZE
MUSCLE GROUPS

Investigators: Louis R. Aaundsen, L.P.T., PhD.
Joe A. Buck, L.P.T.

I, o - — + hereby certify
that I have bean *o0ld by L.R. Amundsen or
of the physical therapy department about the research on
isometric_2xercise and its purposes. I understand the
possible diczcomforts and risks and the possible benefits
relating *. thi¢ research project.

A wrii.en summary of what I have keen told is
attached. I have been given an adequate opportunity to
read it.

- understand that I have the right to ask questions
about any procedure and to withdrav my consent and stop
taking part in the project at any time witkout prejudice
to me.

I herby freely consent to take part in this research
project.

——— o S . s e e s e s S . S s o

(signature of subject)

I, the undsrsigned, certify that I was present
during the oral presentation of the written summary
attached when it was given to the above subject.

-?signatare nf aﬁditor-vitnessy-

2
4
3
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CALIBRATION CF FORCE MEASURING TRANSDUCERS
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The calibration for each "O" ring force transducer

vas conducted as follows. The maximum weight to be used

R

vas suspended from the appropriate transducer and an
appropriate sensitivity setting for the pre-amp and

amplifier of the respective channel for each transducer

vas determined. The weight was then systematically

|
|
reduced through the range in which the "O" ring was to be ;
used. A graph representing the calibration data for the ‘
small "0O"® ring used to measure the index finger adduction
and the regression equation generated from this set of
data is found in Figure B-1. The maximum deviation from
this line was negligible (.035 1bs), producing a linearity
(max deviation/ full scale deflection) of < $.1% of full
scale, Similarly, the data for the calibration of the
transducer usel to measure the handgrip force is given in
Table B-1. 1Its corresponding jraph and rejression
equation are illustrated in Figure B-2. The linearity of

this transducer was within £.7% of full scale.
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7.00{'
6.00t Yy = .11x ¢+ 1.13 [
i
!
vt
4,004
(1bs)
2. 00+
0 + + - — +
0 10 20 30 40 50

mm deflection

Figure B-1

Calibration Data and Regression
Equation for Force Transducer
Used to Measure Index Pinger
Adduction Strength

Jipadsiiinn
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Table B-1 i

Calibration Data for Force Transducer |
Used to Peasure Handgrip Strength

———

Em
Wt. (1bs) Deflection

165.50 46,33

155. 00 43,00

145.00 40.00

135.25 36.33

ﬁ 114.75 30.00

105.75 26.33

95.50 23,33

85.00 19.33

75.00 16.00

65.00 13.00

S4.50 9.33

45,50 6.00

35.950 3.00

25.00 0.00

SRy
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Wt
90
(1bs)

60
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Y = 2.9%9x + 26.44

0 10 20 30 40 50

mmn deflection

Figure B-2

Calibration Data and Regression Equa~
tion for Force Iransducer Used to
Measure Handgrip Strength

FIERT VY S




APPENDIX C

COMPARYSON OF KOFOTKOFF SIGNRLS AMPLIFTIED
THPOUGH TH® BECKMAN MODTL 9863R INDIRECT
BLOOD PRESSUPF COPMPLFR AND SYSTOLIC BLOOD
PPESSURT MTASTRED VTR THE AUSCULTATORY
METHOD DUSING A STETHOSCOPE RAND
VERCUEY MANOMETER

110
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Table C-1

Comparison of Korotkoff Signals Amplified
Through «he Reckman Model 986372 Indirect
RPlood Pressure Coupler anrd Systolic Rlood
Pressure Measured Via +he Auscultatory

Me+hod Using

a Stethoscope and

Mercury Manometer

S.8. P, Measured
from Korotkof¢f
Siagnals

125
124
115
115
120
117.5

S.B.P, Measured
Witk Stethescope
and Mercury
Manometer

129
124
115
114
118
116
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EPPENDTIX D

LOCATZCN OF SURFACE ¥MG RLECTPODFS




WPTET EXTENSORS

Praw a line from the lateral
ericondyle of the humerus to the
styloid process o€ the ulna, 2°5% of
this distance draw a perpendicular line !
laterally (1 inch) that will pu+ an !
A g active electrode or the extensor carpi :
4 ulnaris, ©Dravw a 2 inch ecuila*eral |
+riangle from *his point. |
WPTST FLFXOPS !

Draw a line €rom the medial

ericondyle of ‘he humerus to the

stvloid process of the radius. 20% of
this distance from the medial
ericondyle on the line is the ground
electrode, S0¥ of the distance on *he
6 A line is an active electrode, Draw a 2?2
A inch equilateral triangle medially from

+tese points.

BTICEPS

Dravw a line from the coracoid
process to the biceps *endon in the
e€lbow flexion crease. 25% of the
dis*ance from the crease on the line is
the aground electrode, Draw a 2 inch
equilateral triangle proximallvy with
+te grcund electrode as thLe apex.

TRICEPS
Draw a line €from the olecranon *o
{ the middle of the acromion. 60% of the

6 distance from the acromion on +he line
A is the groumd electrode. Draw a 2 inckh
. equilateral *riangle medially.

ECTORALTS MAJOP

'd

From the mid-point on the distal

sternal-acromial line draw a
- perpendicular cross line. 1 irnch each
vay frcm the sternal-acromial line are
A6 the active electrodes. 1 inch *oward
+te sternum frcm tke mid-point is +he

grourd electrode,

PR RS B
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Drav 2 line from the lateral
ericondyle 0¢ the humerus to the
acromion, 13% o0f the dist*ance from the
proximal point draw a perpendicular
lire anterior across the anterior
deltoid. €% of the distance from *+he
acromio-lateral epicondvle line cn +he
anterior line is an active electrode,
the other active electrode is on *the
same line 2 inches awav. Draw a 2 inct
equilateral triangle distally for the
ground electrode.

St -




AFPENDIX E

PORTINN OF CHART PECORD PRODUCED DURING A
SUSTAINED U0% MVC INDEX FINGEP
ADLCUCTION CCNTRACTION
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EMG

EMG

EMG

EMG

. )
NS R
R N

Doppler
US Signals

Korotkoff £
; T i oo
Signals ‘q N
Superim- -
posed on ’
Pressure

Curve

Channel for

Handgrip o

Index e
Finger e
Adduction

L
Sl o8

Time (sec) BRI o o "’-‘,"'ifiﬁ' e

Figure F-1

Portion of Chart Fecord Procduced During a
Sustaired 4C% MVC Tndex PFinaer
Adduction Con+raction
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APPENDIYX F

CORRELATION COEFFICIPNTS AND STATISTICAL
SIGNIFICANCE OF CORPELATION COFFFICIENTS
OF TIME VS SYSTOLIC BLCOD PRESSURE FOR
SUSTAINED 40% MVC TNDEX FINGER
ADLUCTION CONTRACTIONS
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Table F-1

Correlation Ccefficients for Time

vs Systolic Blood Pressure for

4U0% MVC Tndex Finger Adduc*ion

Sub~ TRepe-

dect titiom Ny W, * Ty Z; ** z,* (v;2; ®
1 1 5 2 .72 .91 1.82 1.66
2 9 6 U6 .50 3.00 1.50
2 1 5 2 .82 1. 16 2. 32 2.69
2 6 3 .71 .89 2.67 2,38
3 1 ? 4 .80 1. 10 4,00 4,84
2 1" 8 .04 .0U .32 .01
4 1 7 4 .60 .69 2.67 1.90
2 6 3 . 0l .0U <12 .00
5 1 5 2 <17 .17 <38 .0h
2 6 3 .85 1.26 3,78 4,76
6 1 7 4 .69 .85 3.40 2.89
2 7 ] <53 .59 2.36 1.39
7 1 7 4 .33 . 34 1.36 JUR
2 8 S <17 .17 .85 LU
e 1 6 3 « 32 .33 . 99 33
2 S 2 .07 <51 1.02 52
a9 1 5 2 .51 . 5F 1.12 .h?
2 4 1 .76 1.00 1. CC 1.00
10 1 ) 3 .88 1.38 4,14 S.71
2 4 1 26 .38 .38 .10
11 1 10 7 .88 1.38 9.€6 13,32
2 9 6 « 320 « 31 1. 86 .58
12 1 6 3 <55 .62 1.86 1.1%
2 8 S .83 1.19 5.95 7.08
13 1 8 € o ul .07 2.35 1.10
2 8 5 .80 1. 10 5. 50 6.0%
1u 1 5 2 .73 .93 1.86 1.73
2 u 1 1.00 2.90 2.90 8.u1
15 1 7 i} «65 .78 3.12 2.u2
2 7 u .29 «30 1.20 <36
16 1 8 S €7 .81 4.05 3,28
2 9 6 « 66 «79 4,74 2,74
17 1 6 2 .58 .66 1.98 1.31
2 8 5 .01 .01 .05 .00
18 1 8 5 .01 .01 « 05 .00
2 9 6 . R9 1. 42 8,52 12.10

TR
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Table F-1(cont'd,)

19 1 7 4 .58 .66  2.6U 1.74
2 6 3 .u8 .52 1,56 .81 .
20 1 8 5 .72 .91 4,55 4,18 |
2 8 5 .50 .55 2,75 1.51
21 1 10 7 .60 .69 4,83 3.32 !
2 9 6 254 ____ .60 3,60 __ 2,16 _
motal 168 112,73 __109,39
z =L vy zi/Zwi=. 68
T=e2Z-1/e2Z41=,59++
- ]
’
*Ui = Nl-B ’
*¥*x27 = 1/2[logg (1+41) =log, (1-1) ]
tZy = WizZ4

++To test the hvpothesis that several r's are from the
same tho, and to combine ttem into an estimate of rho:

X2 = (Zw;z;2)=[ (Zw;25)2/(Ev;) ]
2=32u0

X2 (.05 level, 41 D.F.) = 56,9

i
1
i
i
I
l
l
1
l
1

AN~

Yy

probabili+ty = ,17 of cbserving a X2 2 32,40 when the
underlying correlations are from a common population

T VI Y

4 To *est +*he hypothesis thka* rho has some value other “han
0 (rto#0) :use the fact that when rho = 0, z has ormal
distribution with mean = 0 and variance = 1 Z(wi).

) Reject tte hypothesis that rho = 0

at the ,05 level if VZ(wi) (z,) > 1.96
at the .01 level if VA(wi) (z,,)) > 2.57

at the .001 level if \ﬁ (vi) (z,) > 3.27

Since V168 (.68) = 8,81 we can redect t*e null hypothesis
(that a correla*icn this high could occur by random
sampling) a* *te .001 level.

an ug g el bd

| e BN .




APPENDIX G

COPRELATION COTEFPFICT®NTS ANM STATISTICAL
STGNTFICANCE OF COFRELATTON COFFFICIENTS
OF TIME VS SYST™OLIC BRLOOD PRTSSURE FOR
STSTATNED 40% MVC HANDGPTD
CONTRACTIONS

12¢




Table G-1

Correlation Coefficients €for Time
vs Systolic Blood Pressure for
40% MYC Bandgrip

121

Sub- Repe-
ject tition W, L Ty Z j** z,* (vi z; 2)
1 1 3 0 .94 1.74 0 0
2 ] 1 .98 2.30 2. 3¢ .29
2 1 3 0 .92 1.59 U 0
2 5 2 .68 .82 1.62 1.318
3 1 5 2 .90 1.47 2,94 4,32
2 6 3 .84 1.22 2,66 4.47
4 1 7 a .93 1.66 6,64 11.02
2 M 8 .95 1.83 14,Ff0 26,45
£ 1 5 2 « 97 2.09 4,18 a,u7
2 8 S .98 2.30 11,50 26,45
6 1 5 2 .97 2.09 .18 8,74
2 6 3 . 97 2.09 4,18 13.10
7 1 5 2 .93 1.66 3,32 5.51
2 6 3 .98 2.30 .90 15.87
8 1 8 5 .96 1.95 9,7% 19,01
2 9 6 .90 1.78 10, 44 18.17
Q 1 6 3 «R2 1. 1¢ 3,48 4,04
2 6 3 .98 2.30 6.90 15.87
10 1 7 4 .97 2.09 8.36 17,47
2 ] 5 .99 2.6 13,2% 35.11
11 1 9 6 .74 .98 5.70 S.042
2 7 u .97 2,09 8.36 17.47
12 1 6 3 .86 1.29 3.87 u,99
2 7 ] .96 1.95 7.80 15.21
13 1 7 4 .99 2.6 10,60 28.09
2 9 6 .93 1.66 9,96 16.57?
10 1 s 2 .98 2.30 4,60 10.58
2 5 2 1. 00 2.90 5.80 16.82
1% 1 8 5 .87 1.23 6.65 8.84
2 1 8 .80 1,22 Q,7¢ 11.91
16 1 8 S .85 1.26 .30 7.94
2 7 4 .95 1.83 7.32 13.40
17 1 7 u .28 .29 1.16 .30
2 5 2 « 92 1.50 3.18 5.06
18 1 7 ] .98 2,30 9.20 21.1¢€
2 7 4 65 .78 3,12 2,43

o - :
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Table G-1(cont'd.,)

10 1 u 1 .96 1.95 1,95 3.80
2 8 S .61 .71 3.51 2.52

20 1 5 2 .91 1.53  3.06 4.6%

2 8 g .95 1.82 9,15 16.,7U

21 1 3 2 .91 .53 4,59 7.02
S S 7__ 8 ,ou 1,74 6. 96 12.11
Total 180 __ _ 250,84 _ 474,07

z =Zwizi/ZHi=1.67

T=e2Z-1/@2241=_95++

—— ———— — — - — — -—

N.-3
172{1og _(1+1) -log, (1-1) )
W.Z.
1 1

*y,
*xz
+zl
w

nowon

++7m0 test +he hypothesis that several r's are from the
same rho, and to combine them into an estimate of rho:

X2=(gw.z 2)=-[(zw.2.)2/(Zv;) ]
11 y2=50,00 o
X2(.05 level, 41 D,F,)=56.9
probability = ,07 of observing a X2 2> 54,94 when the
underlying correla*ions are frcm a common population

To test the hypothesis that rho has some value other +han
O(rho # 0) use the fact *+tat whenr rho = 0, z has a_normal
distribtution with mean = 0 and variance = 1/|ydwy).
Retec*t the hypothesis that rho = 0
at the .05 1level if VZ(ui) (zw) > 1.96
at the .01 level if VZ(wi) (zw) > 2.57

at the .001 level if E(wi) (zw\ > 32.27

Since V150 (1.67) = 20,45 we can redect the nall hypothesis
(t hat a correlaticn this high could occur by random
sampling) at +he .00 level,
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Table H-1

Actual Percentage of MVC Used
During Sustained Tndex Pinger
Adduction Contrac*ions

U0% value used/ Actual
Subiect Highest Recorded Max Percentage
7 .96/u,73 L2000 T
2 1.64,0,11 49
3 .2274,58 .20
u .78/4,37 .18
5 1.45/74,18 .35
6 1.34/3,65 «37
7 1.0272.97 .30
8 1.59/5.35 30
9 2.16/5. 42 40
10 1.71/4.,57 <37
11 1.37/3.92 «35
12 1.52/74.79 .32
13 1.4173.52 < U0
14 1.5U/5.u6 .28
15 1.62/74, 7€ « 30
16 1.62/5, 97 .38
17 1.36/4, 21 .32
18 1.5C/5.08 .29
19 «.9172,67 .40
20 1.32/5.19 .26
_21 1.61/78.53 «36_____

Mean = ,32

S.D. = .07




. ,;;»v'»v'm\

12¢

mable H-2

Actual Percentage of MVC Used
Durina Sustained Handgrio
Ccntractions

0% Value Used/ Actual
Subiect Highest Recorded Max Percentage

1 81,8/129.4 «32
2 S5f,3/7140.6 U0
3 62,0/157,0 40
u 47.0s%17.7 <40
5 $3.8/13%.,0 .40
5 62.1/155.2 <40
7 43,3/7119.3 «36
8 41,9/11¢,9 <36
9 50.4/132.7 .38
10 uc.8/106.7 .38
11 37.47101. 4 .37
12 52.2/130.5 .40
13 53.6/135.9 .39
14 be,1,/120.2 40
15 4y, 27160, 3 «28
16 49.4/126.1 .36
17 39,9/ 99.7 LU0
18 ©%.2/146.8 .38
19 45, 37130.5 «35
20 40.2/7139.3 «29
21_ 40, 2/133, 3 =30
Mean = .36

S.D. = .08
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